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ABSTRACT 

We report on medium resolution spectrophotometry of the Orion Nebula region, 
including for the first time the Extended Orion Nebula and the nearby M 43. The 
49 long slit observations were divided into 99 smaller samples, which have allowed 
determinations of the amount of extinction, extinction corrected H/3 surface brightness, 
electron temperatures (from [S II], [N II], and [O III]), and electron densities (from [S II] 
and [CI III]) throughout much of this complex region. 

We verify an earlier conclusion from a radio /optical study that beyond about 5' from 
1 Ori C local emission begins to be contaminated by scattering of light from the much 
brighter central Huygens Region of M 42 and this scattered light component becomes 
dominant at large distances. This contamination means that the derived properties for 
the outer regions are not accurate. From comparison of the light from the dominant 
star in M 43 with the continuum of that nebula (which is almost entirely scattered 
star light) it is determined that scattered light is enhanced in the blue, which can lead 
to observed Balmer line ratios that are theoretically impossible and erroneous electron 
temperatures. 

This blue scattering of emission-lines is important even in the Huygens Region be- 
cause it means that at anything except very high spectroscopic resolution the observed 
lines are a blend of the original and scattered light, with shorter wavelength lines being 
artificially enhanced. This can lead to over-estimates of the electron temperatures de- 
rived from the nebular and auroral line ratios of forbidden lines. This phenomenon is 
probably applicable to many other H II regions. 
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We have been able to use extinction-insensitive line ratios, the extinction corrected 
surface brightness in H/3, and the equivalent width of the continuum to create for the 
first time a three dimensional model of the entire M 42, Extended Orion Nebula, and 
M 43 region. This is an irregular concave blister of ionized gas bounded on the outside 
by apparent walls where the ionization front has curved almost to the direction of the 
observer. M 43 is seen to be shielded from illumination by 1 Ori C by the northeast 
portion of the wall bounding M 42. 

Subject headings: Galactic Nebulae individual (Orion Nebula, NGC1976, NGC 1982, M 
42, M 43) 



Introduction 



The Orion Nebula ( NGC 1976, M 4 2) is commonly thought of as a small HII region, the 
bright Huygens Region (j Ginger ichl Il982l ) being only about 0.7 pc (5' at a distance of 440 pc 
(jO'Dell Hennevl l2008l ). the distance adopted in this study). H owever, when one includes the 
much fainter Extended Orion Nebula (EON, a term introduced by (jGiidel et al.ll2008l )). it becomes 
comparable to other Galactic and extragalactic HII regions since the angular size of about 33.3' x 
23.8' corresponds to about 4.3 pc x 3.1 pc. The Huygens Region occupies the northeast corner of the 
EON and has been frequent ly imaged in narrow b and emission-line filters, event at Hubble Space 
Telescope (HST) resolution (jO'Dell &: Wondll996l ) whereas the EON has largely been the provence 
of skilled amateur astronomers . Much of the EON has been imaged by the HST with filters typically 
passing several emission- lines (|Henney et al.ll2007l ) , while an excellent example of a full-field ground 
telescope image is that of Robert Gendler, M.D. (http://www.robgendlerastropics.com). The wide 
field of view images often include the nearby low ionization H II Region M 43 (NGC 1982) which 
lies to the northeast of M 42 and this object has not been well studied but is included in this 
investigation. 

Because the EON is dominated by regions about two orders of magnitude lower surface 
brightness than the Huygens region, it has not been the subject of detailed spectroscopic study. 
Whereas the re have been m a ny high spectral reso l ution spectrophotometric studies of the Huygens 
region, e.g. Baldwin et all (120001 ) lEsteban et al. (120041 ) and one Fabry-Perot study of the 3727 



A [o II] doublet of the entire nebula (jCaplan I Il972h. only a few lower resolution studies have 



been made beyond a few arcminutes from ^Ori C (Peimbert 



Peimbert feTorres-Peimbertl 119771 ; ISimpson I Il973l : Baldwin et al 



19671: Peimbert Costerol 



1991 



1969 



; lO'Dell & Go's] I2OO9I ) and 



none of these cover the full EON. In the study described in this paper we correct that lack of 



1 Based in part on observations obtained at the Cerro Tololo Inter-American Observatory, which is operated by 
the Association of Universities for Research in Astronomy, Inc., under a Cooperative Agreement with the National 
Science Foundation. 
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data of this im portant region. The small e r and fainter M 43 has been the subject o f many fewer 
investigations (IPeimbert Costerol Il969l ; iThum et al.l Il978l ; iKhallessee et al.l ll98Cl ; lHanel I Il987l ; 
Smith et al. 1987 ; Rodriguez 19991 ) but it's dominance by one star, NU Ori, makes it potentially 
an easier object to analyze. 

We adopt the blister model for the Huygens Region. This model posits that the emission-lines 



Zuckerman 


1973: 


Balick et al. 


1974) 



the difference of velocities of different species (summarized in lO'Dell et al.l (|2009al )). with the low 
ionization ions that give rise to [S II] emission originating from near the main-ionization-front on the 
observer's side of the dense photon dominated region (PDR) having little blue-shift with respect to 



the parent molecular cloud. Emission in the H + +He° zone, such as [N II] (jQ'Dell II 19981 ) . is slightly 
blue-shifted, while emission in the H + +He + zone, such as [O III] is the most blue-shifted as the hot 
gas expands away from the main-ionization-front. The spectral type Q 7Vp 8 1 Ori C is the dominant 



source of ionizing photons and lies about 0.2 pc (lO'Dell et al.ll2009al ) on the observer's side of the 



main-ionization-front (this would correspond to a distance in the pl ane of the sky of 1.56'). In 



the foreground is a multi-component Veil of nearly n eutral material (Ivan der Werf fc Gossl ll989) 



that lies about one to three parsecs in the foreground (jAbel et al.l 120061 ; lO'Dell et al.ll2009al ). This 
Veil produces most of the extinction in this nearby, high Galactic latitude (-20°), H II Region 
(jQ'Dell et al.lll992l ). It is highly variable in optical depth, this being the greatest in the highly 



obscured Dark Bay feature lying immediately to the east of the Trapezium stars. 



Ferland ((Baldwin et al.l 119911 ) pointed out that a flat blister model would vary in surface 
brightness in the H/3 line approximately as D~ 2 , where D is the distance from 1 Ori C in the plane 
of the sky, in approximate agreement with the limited data then available. This approximation 
holds only very near the sub-stellar point and a better approximation is D -3 since the photons strike 
the plane more obliquely with distances and the flux in Lyman Continuum (LyC) photons decreases 
correspondingly. The fact that over greater distances the surface brightness decreases more rapidly 
than D~ 2 indicates that a more complex model applies. Determination of the location of the 



ionization front from the apparent surface brightness was expanded upon by I Wen Q'Delll ([1995 ), 
who did a detailed general solution and derived a model of the Huygens Region that is an irregular 
concave surface, that drops away from the observer behind the Dark Bay feature, rises abruptly 
at the linear Bright Bar feature running northeast-southwest to the southeast of ^Ori C, and has 
a hump in the Orion-S region lying to the southwest of 8 1 Ori C. A subsequent study established 
that the Orion-S featur e arises from a cloud of dense neutral material lying within the ionized gas 
of the Huygens Region (jQ'Dell et al.ll2009ah . 



Even within the Huygens Region one sees systematic variations in the ionization structure with 
increasing distance from 6 1 Oxi C. These arise from the decreasing density of the gas but primarily 
from modification of the stellar radiation field through increasing optical depth in neutral hydrogen 
and helium. These numerically most abundant elements have approximately the same absorption 
coefficients as the much rarer heavy elements, e.g. nitrogen, oxygen, and sulfur, so that the radiation 
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field seen by the heavy elements is determined by hydrogen and helium. The Balmer lines arise 
from where-ever hydrogen is ionized, so that one expects that the observed F([0 III])/F(H/3) to 
decrease with distance from 1 Ori C while the F([N II])/F(Ha) and F([S II])/F(Ha) ratios will 



increase. 



It has been known for some time that t he continuum radiation from the Huygens Region 

is much stronger than expected from an ionized 



1991 



(|Q'Dell fc Hubbard! 119651 : Baldwin et al 
gas. This arises from starlight being scattered by the dense PDR that lies beyond the ionized 
gas and there is even a weak detection of the stellar Hell 4686 A line in the nebular continuum 
( Peimbert Goldsmithlll972l ). As measured by the equivalent width (EW) at 4861 A (the ratio of 
surface brightness in H/3 to the underlying continuum). This observed parameter joins the emission- 
line ratios as a useful diagnostic of the conditions within the nebula and the three dimensional (3-D) 
structure. 

This study presents a large set of new spectroscopic observations of the Huygens region and the 
EON (§ 2), derives electron temperatures and densities for the regions we sample (§ 3), and present 
useful diagnostic observed properties (§ 4). We then use these new observations to determine 
the 3-D structure of the EON and come to important conclusions about the role of wavelength 
dependent internal scattered light in determining the properties and abundances in this and other 
H II Regions. 



2. Observations 

The intent of this program was to obtain moderate resolution spectroscopic data on a over 
a wider range of samples within the Huygens Region and the EON with the goal of providing 
accurate line ratios for the primary diagnostic lines. This intent was expanded to also include 
a smaller sampling of data in Messier 43, which is associated with the B 0.5 V star NU Ori 



(jSchild fc Chaffedll97ll ). The Boiler and Chivens spectrograph on the 1.5 m telescope at the Cerro 
Tololo Interamerican Observatory (CTIO) was nearly ideal for this purpose and was made available 
to the authors through the SMARTS consortium. 



2.1. The Spectroscopic Observations 

Observations were made in three sets during the 2008 and 2009 observing seasons for the 
Orion Nebula region. This time was nearly ideal for observing from CTIO since this was during the 
summer and conditions were photometrically clear during almost all the scheduled time. In order 
to determine the best combination of wavelength coverage and spectral resolution, two first order 
gratings were employed, G58 giving a scale of 2.2 A per pixel was used on 2008 November 19-23 
and G09 giving 2.7 A per pixel was used on 2008 November 25 and 2009 January 16, December 
9-15. The wavelength coverage was limited by the width of the Loral IK detector used throughout 
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and the need to avoid contamination by signal from the second spectral order. Separation of the 
orders was aided by using ultra-violet cutoff filters (GG 395 in November, 2008 and January, 2009 
and GG 385 in December, 2009). The slit width for the first two data sets was 1.9" and 2.6" for the 
December, 2009 observations. Observations of stars were made with slit widths of at least 5.4" in 
order to avoid the effects of wavelength dependent atmospheric refraction. The Full Width at Half 
Maximum (FWHM) was 6.7 A for the GG58 observations and 7.0 A for the GG09 observations. 
One pixel along the projection of the slit onto the plane of the sky was 1.30" for all observations. 
A slit length of 429 " was used for the first two data sets and of 344" for the December, 2009 
observations. 

During the first two observing runs only the photometric standard star Feige 15 was observed 
nightly, but at multiple zenith distances and in December, 2009 nightly Feige 15 observations 
were supplemented by observations of the other standard stars Feige 25 (2009 December 9-14) 
and Hiltner 600 (2009 December 10, 11, and 14) in order to provide a cross-check on the earlier 
photometric calibrations. The derived system sensitivity functions from different stars varied only 
a few percent over our wavelength range. 

Observations of blank fields well away from the nebula were necessary because of the extended 
size of the Orion Nebula complex and the fact that some of the targeted nebular lines are also 
present in the night sky spectra. Two sky regions were observed, having been selected on wide-field 
images to be free of nebular emission. These were designated as Sky-North (5:26:15 +00:25:26) and 
Sky-South (5:28:18.9 -07:08:36). All positions in this paper are for the year 2000.0. Observations of 
these sky regions were alternated between nebula observations and in the case of the fainter regions 
observed during December, 2009 these observations were typically two-thirds the exposure time of 
the adjacent nebula observations. 

The usual pattern of CCD observing was selected. Cosmic ray event subtraction from the 
detector images were facilitated by making at least two exposures at each position. In the case of 
the brightest regions multiple exposure times were employed in order to provide reference spectra 
of the brightest lines, which were saturated in the longer exposures of these regions. Twilight sky 
observations were frequently taken to determine the flat field corrections. 

The slit positions were selected to give progressively wider-spaced samples in directions away 
from the dominant ionizing star ^ 1 Ori C. These positions wer e determined by offset pointing from 



1 Ori C, NU Ori, or other stars of accurately known position ( Jones Sz Walkerlll988l ). and in a few 



cases by centering a f ainter star. One slit p osition was chosen to closely match the location of the 



widely used study of iBaldwin et al.1 (ll99ll ).The location of the slits settings are shown in Figure 



HJ Several systems of designation were employed. The early observations made exc lusively for this 



survey and a comparison of EON radio and optical results (jO'Dell &: Gossll2009l ) are designated 
with numbers 1 through 28, while those made specifically for a program of comparison with regions 
studied with infrared spectroscopy by the Spizer spacecraft (Robert Rubin, Principal Investigator, 
in preparation) have the names convenient to that program (JW831-M1M2M3, M4, VI, V3, and 
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JW871-SW), and the observations in December, 2009 are designated with upper-case letters. In 
many cases the long-slit samples were broken up into smaller samples designated by position within 
the slit, as shown in Figure [TJ The positions, angular lengths, and related information are given in 
Appendix A. When a stellar spectrum was present, it was edited out of the image. On the night of 
2009 December 14 four wide-slit 30 second observations of NU Ori were made. 



2.2. Data Reduction 

The data were processed and calibrated using the common IRAF procedure^]. As mentioned 
previously, multiple standard stars were employed to provide a cross-check of the photometric 
results. 

Because we are interested in some lines that appear both in the nebular and sky spectrum, 
careful attention was applied to subtraction of the background sky signal. The procedure adopted 
was to scale a near-time sky spectrum so that its strongest line (the [OI] 5577 A line so that 
it matched the signal in that line in the nebular spectrum, then the scaled sky spectrum was 
subtracted from the nebular spectrum. This procedure assumes that the sky [OI] 5577 A line is 
much stronger than the [OI] 6300 A + 6363 A doublet, which one sees is obviously the case from 
examination of the sky spectra. It also assumes that the nebular [OI] 5577 A line is much fainter 
than the [OI] 6300 A + 6363 A doublet, which is what is expected from electron temperatures 
that apply to the Orion Nebula. We are also interested in the [NI] 5197.9 A + 5200.3 A doublet, 
which appears in both spectra, but it is much weaker in the sky spectra than the [OI] 5577 A line 



(jMassev fe Folta |2000| ) . This means that greatest uncertainty in the subtraction procedure is that 
the relative fluxes in the [OI] and [NI] lines are assumed to remain the same during the sky and 
nebular spectra. Sodium lamps are used for outdoor lighting in a town near CTIO and the D lines 
at 5893 A are variable according to the time of night and evening of the week. This produced some 
uncertainty in sky subtraction in the shoulder of the Hel 5876 A line, which should not affect the 
the accuracy of the photometry of that line by more than a few percent even in the worse case. A 
similar condition applies for the weaker city light produced Hg I 4358 A line which falls between 
the strong H7 4340 A and important temperature diagnostic [OIII] 4363 A lines. 

Two examples of calibrated spectra are presented in Figure [2j These are for the bright 12-mid 
sample (exposure 120 s) and the intrinsically much fainter E sample (exposure 3000 s). We see 
from examination of this figure that there were important changes in the spectrum between the 
Huygens Region, where sample 12-mid is located and the EON, as indicated by sample E. We also 
see that the longer exposure time for sample E did not produced as high a signal to noise ratio as 
for sample 12-mid. 



2 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc. under cooperative agreement with the National Science foundation. 
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Fluxes in the emission-lines were measured using IRAF task splot, which interactively fits a 
profile to each designated line and produces a total flux in that line. It was found that Voigt 
profiles matched the lines best. Splot allows one to deblend multiple lines, which was important 
in obtaining accurate fluxes of partially resolved lines like the [SII] doublet (6717 A +6731 A) 
and the [Nil] lines (6548 A + 6583 A) that straddle the Ha 6563 A line. The splot task also 
provides the relative strength of the underlying continuum in terms of the strength of the targeted 
emission-line. This is expressed as the equivalent width, i.e. the width of the nebular continuum 
that will produce the same flux as the emission-line. We recorded this for the H/3 line and record 
the strength as the quantity EW (A) . Smaller values of EW indicate a continuum relatively stronger 
to the emission-line. The derived values of the EW for H/3 are given for each sample in Appendix 
A. 

Not all emission features were measured. This was because some features were e xpect ed to 



be blends of unresol ved lines. The previous high resolution studies of iBaldwin et al.l (|2000) and 



Esteban et al.1 (|2004j) were particularly useful in line identification and selecting which features were 
most likely to be affected by blends of different ions. In the case of blends arising from the same 
ion, we often derived individual line fluxes using the deblend feature of splot and then added the 
components for a total flux. 



2.3. Correction for Interstellar Extinction 



The amount of extinction across the Huygens Region and the EON is highly variable. The 
most detailed study is that of lO'Dell Yusef-Zadebl (120001 ) . who compared high resolution radio 
continuum images with flux calibrated hydrogen li ne images to determine point to point values of 
the extinction at a resolution of a few arcseconds. lO'Dell &: Yusef-Zadehl (|2000l ) established that 
the extinction is greatest to the east of the Trapezium stars, in the so-called Dark Bay region, then 
rapidly drops to the southwest of the Trapezium stars. 

Appendix A gives the derived values of ch/3 and the extinction corrected surfac e brightness for 



each o f our samples. We have adopted the reddening curve recently determined by lBlagrave et al 



(|2007l ) from the study of H I and He I lines within the Huygens Region (Appendix B) and de- 
termined the interstellar extinction from the observed relative flux of the Ha and H/3 lines, under 
the assumption that the intrinsic ratio is 2.89, a value appropr i ate to the temperatu re and density 
conditions for the Ori on Nebula (|Osterbrock &: Ferlandl l200a ; lO'Dell h Gossl l2009i ) . For reasons 
discussed in § 2.3 and Ip'Dell & Gossl fcood ). when the observed flux ratio fell below 2.89 it was 
assumed that the extinction was zero. 

Extinction corrected relative flux ratios for the spectra are given in Appendix B. The probable 
error of the line ratios are determined by the total signal in the sample and the relative strength of 
the targeted line. In the innermost samples the uncertainties grow from a few percent to about 20 
% at relative line strengths of about 0.1 % of H/3 and in the fainter outer samples this uncertainty 
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is reached at about 1 % of H/3. 



2.4. Comparison with the earlier study of Baldwin and Collaborators 



The study of lBaldwin et al.l (Il99ll ) (henceforth B1991) has served as a source of spectrophoto- 



metric information used in subsequent investigations. It was also used for calibration of the Hub 



ble Space Telescope WFPC2 and ACS-WFC narrow-band filters (jO'Delll 12004 120091 ) . B1991used 
slightly lower wavelength resolution than in the present study, which may affect the deblending of 
overlapping lines, but the absolute calibration of the isolated H/3 line should be the same. It is 
important to compare the results of B1991 and our study. 

B1991 used an east- west oriented long slit located west of 9 1 Oii C centered on the faint star 
JW337, which lies about 4" south of ^Ori C. In the original paper it was said that the declination 
of their slit was the same as ^ 1 Ori C, but in private communication Dr. Baldwin communicated 
the correct pointing. They divided their spectrum into 21 short samples. Since there is some 
uncertainty of the exact Right Ascension of these samples, the best comparison is to use the larger 
samples, where the variation of surface brightness is slow. We identified on our December 2009 
spectrum with JW 337 centered, a single sample extending over B1991 samples 10+11+12, where 
they found an average surface brightness in H/3 of S(H/3)=1.73xlO -13 erg cm -2 s _1 arcsec -2 . Our 
derived S(H/3) on that spectrum is 1.90xl0~ 13 erg cm -2 s" 1 arcsec" 2 , that is, agreement to within 
10%. A similar comparis on was made with th e 2008 data and used in the comparison with VLA 



long wavelength images (jO'Dell &: Gossl 120091 ) . In that study it was assumed that the slit width 
was 2.6", but the comparison with B1991 indicated that the new data needed to be multiplied by 
1.21. During the December 2009 observations we discovered that the method of setting the width of 
the entrance slit used in the November 2008 and January 2009 was incorrect, which would account 
for the discrepancy if the slit width used earlier had been 1.9". Comparison of other regions in 
the earlier and more recent observing runs led to the same conclusion. We are satisfied that our 
absolute calibration using the December 2009 observations is correct and the homogeneity of the 
instrumental sensitivity functions from three different standard stars argues that the relative flux 
calibration is also accurate. 

In Table Q] we present a comparison of our flux ratios for a few strong lines with the results 
of B 1991. We find excellent agreement for the well isolated lines and the poorest agreement in the 
group of three lines near Ha, which were more poorly resolved in B1991. 



3. Derivation of Electron Temperatures and Densities 

We have determined electron temperatures (T e ) and electron densities (N e ) using the tradi- 
tional method of emission-line ratios. Our wavelength resolution and coverage allowed determi- 
nation of these conditions in the several ionization layers expected for a blister-type H II Region 



- 9 - 



(jO'Dell Il200ll ). The [S II] emission arises from very close to the main- ionization- front, where hy- 
drogen ionization ceases and there we employed the nebular to auroral reddening corrected line 
ratios [1(6716 A)+I(6731 A)]/[I(4069 A)+I(4076 A)] to determine T e and the nebular doublet ratio 
1(6716 A)/I(6731 A) to determine N e . The [N II] emission arises from the adjacent zone with ionized 
hydrogen but neutral helium and we employed the [1(6583 A)+I(6548 A)]/I(5755 A) ratio to deter- 
mine T e . The [CI III] emission arises from the outer parts of the ionized hydrogen-neutral helium 
zone and the inner parts of the next zone where both ions are ionized and we used the doublet ratio 
1(5518 A)/I(5538 A) to determine N e . [O III] emission arises from the ionized hydrogen-ionized 
helium zone and the nebular to auroral ratio [1(5007 A)+I(4959)l/I( 4363 A) was used to determine 
T e . We employed the convenient IRAF/STSDAS task "temden" (jShaw h Dufourlll994l ) for our 
solutions, beginning at the ionization front and working out in an iterative way since there is a 
slight dependence of the derived T e on the assumed N e and a slight dependence of the derived 
N e on the assumed T e . We did not determine [O III] temperatures when 1(4363 A) was less than 
0.003 or [CI III] densities when either line of the doublet was less than 0.004 because of problems in 
deblending the 4363 A line from the much stronger H7 4340 Aline and discriminating weak [CI III] 
lines against the irregular background continuum. The results of these calculations are presented 
in Appendix C, Figure El and Figure EJ 

We see an indication of a rising T e in the innermost samples for both [N II] and [S II]. There 
are a few anomalously high values of T e from [N II] and [S II] for the easternmost samples that 
fall along the northwest boundary of the nebula in slits 1, 2, 3, 4, 6, and 10. This may be due 
to selective enhancement of the shorter wavelength lines caused by scattering, as discussed in § 
5.1. The same effect probably accounts for the anomalously high T c values for many of the outer 
samples. In the range of distances of from 4' to 8', where scattering is not dominant (samples 
l-east,16-east,16-mid,16-west,17,18, 20, M4), the average temperatures are 7390±780 K for ]S II], 
8390±170 K for [N II], and 8610±640 K for [O III]. This means that there is a small increase 
in electron temperature as one moves away from the ionization front, the opposite sense of the 
change expected from radiation hardening (as the optical depth in hydrogen becomes important it 
selectively removes the lower energy photons, leaving higher energy photons to be absorbed closer 
to the ionization front, where they will produce more energy input per photoionization) . Robert 
Rubin determined T e values from the [S II] lines using up-dated atomic parameters for several 
representative values of the flux ratios and obtained values about 100 K higher than "temden", 
which indicates that the lower temperatures from [S II] in this study are probably not due to the 
method of calculation. The unexpected difference in the [S II] T e is probably not due to increased 
ch/3 since an increase of extinction of Av=0.1 would lower the derived electron temperature by only 
about 200 K. 

Other studies of the Huygens Region have sampled different regions, however their results 
are worth noting . We have adopted t he re ddeni ng corrected flux rat ios from the studies of 



Osterbrock et al 



found for 



(1992) 



Ba 



Osterbrock et al 



dwin et al.1 ()2000l ) , and lEsteban et all (120041 ) , applied "temden" and 
19921) T.= 8700, 9700, and 9100 K for [S II], [N II], and [O III] re- 
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spectivelv. iBaldwin et al.l (j2000l ) fluxes give a wider range of 16500, 10500, and 8400 K while the 



Esteban et al.l (12004 ) flux values give 13 800, 10600, and 8400 K. The "temden" derived values 



of T c for the [S II] Esteban et al.l (|2004h fluxes are very different from the value (9050±800 K) 
given in the paper and there may be an editing error in their published [S II] fluxes. None of 
these single sample studies show the same progression of average temperature that we find in our 
multiple -samples study. Our results can be compared with those of two radio studies of the Huygens 
Region. IWilson et al.1 (|1997l ) d erived T P = 8300=1=2 00 K from hydrogen 64a to continuum ratios at 
42" resolution. More recently iDicker et al.l (|2009i ) compared 1.5 GHz archived VLA images with 
21.5 GHz archived single-dish Robert C. Byrd Green Bank Telescope data to derive T e from the 
temperature dependence of the optical depth ratio at this two frequencies, finding T c = 11376=1= 1050 
K for the Huygens Region. The former radio study involves a more uniform data-set and is not 
subject to the systematic errors that can creep in when combi ning data from two very different 
telescopes and is probably to be preferred. This means that the IWilson et al.l (|1997l ) study, which 
measures emission from the entire ionized hydrogen zone is in good a greement with the result s 
of this study. A more convolved approach to determining T e is that of iGarcfa-Dfaz et al.l ((2008) 
who compared the line widths of the Ha and [O III] 5007 A lines for the entire Huygens Region. 
After correction for instrumental and non-thermal broadening components, they derived a thermal 
broadening corresponding to 9190 K. In a Space Telescope Imagi ng Spectrom e ter st udy of vari- 
ations of T along four long-slit samples in the Huygens Region, iRubin et al.l (|2003h found that 
the [N II] temperatures were systematically about 1000 K higher than the [O III] temperatures, 
in disagreement with our results. That study used multiple grating settings, with the inherent 
uncertainties in calibration which we tried to circumvent in the present investigation. 

We have derived densities from the nebular doublet ratios for [S II] [1(6716 A)/I(673lA)] and 
[CI III] [1(5518 A)/I(5531 A)]. [S II] was strong in all our spectra and allowed determination of many 
densities, whereas the higher ionization [CI III] emission fades rapidly with distance from ^ 1 Ori C 
and many fewer determinations were made. In this study all of our samples having densities derived 
from both ions are subject to the scattering discussed in § 5.1. In this case the wavelength dependent 
scattering means that selectively more of the higher density inner [CI III] radiation is scattered, 
thus giving higher densities than those derived from [S II]. 

A N e ~ D~ 2 line is shown in Figure [6] for reference and fits the observed points from about 
D=2' to 5'. The obs erved variation of den sity and surface brightness potentially allows improving 
on the 3-D model of I Wen &: O'Delll (|1995l ) out to the distance where scattered light begins to be 
important. At large distances both the observed surface brightness and the derived densities will 
be larger than the true local values. 

In the case of the of M 43 samples electron temperatures could not be derived from [O III] 
emission because of the weakness of these lines. The average [S II] temperature of 7270=b630 K and 
[N II] temperature of 7950=b640 K are cooler than for the Huygens region innermost samples, which 
reflects the cooler color temperature of NU Ori, the exciting star. Again there is the suggestion 
that the electron temperature is lower near the local ionization front. The average [S II] density of 
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510±40 cm 3 of the close-in M 43 samples is not reached in the Huygens Region until about 3.5' 
distance from 6 1 Oxi C, which probably reflects the lower ionizing flux luminosity of NU Ori. 

It is perhaps significant that the same unexpected progression of electron temperatures (lower 
nearer the ionization front) is also found in the well studied and well resolved planetary nebula 
NGC 6720 (|0'Dell et alJl2009hh . This is discussed in S lOl 



4. Position Dependent Diagnostic Line Ratios 

Examination of the dependance of observed properties with increasing distance from the dom- 
inant ionizing star (0 1 Ori C) can be very useful in understanding the 3-D structure of the EON. 
This is because first-order considerations of photoionization theory can be a guide to interpretation 
of variations of line ratios and surface brightnesses. Compa rison with the expe ctations of a more 



elaborate and accurate photoionization model like Cloudy (jFerland et al.lll998l ) would be better, 
but a simple approach is probably a necessary start. We have worked with extinction corrected 
values because these more closely correspond to the nebula itself. However, it must be recalled 
that extinction corrections derived from the observed F(Ha)/F(H/3) ratio will be affected by a 
varying component of wavelength dependent scattered light and that when this ratio fell below the 
theoretical value we applied no extinction correction. 

We adopted several diagnostic ratios. The first was S(H/3). The second diagnostic ratio was 
the EW of the continuum with respect to the H/3 line. Finally, three ratios indicating ionization 
changes were used, (I([0 III])/I(H/3), I([N II])/I(Ha), and I(([S II])/I(Ha). The EW is independent 
of uncertainties in the extinction correction, while the three ionization ratios are insensitive to ex- 
tinction uncertainties because they reference a hydrogen recombination line at a nearby wavelength. 
The greatest effect of extinction correction uncertainties will be on S(H/3). 

The data set of samples were initially divided into subsets called "groups" according to their 
location on an image of the EON. The first natural group were the samples near NU Ori, the 
dominant star in M 43 and are called "M43". The second natural group by location were those 
samples lying to the northeast of 9 1 Oxi C, where the extinction in the foreground veil is the highest, 
this group is designated as the "NEArc" . The third natural group ( "Outer" ) by location were those 
samples lying along the irregular outer bright Rim of the EON. Like many images of the EON, 
that used in Figure [Tj employed broad bandpasses, which don't clearly indicate the distribution of 
emission-line radiation, yet shows the distribution of scattered stellar continuum radiation quite 
well. Outer is the larg est structure a n d inc ludes the feature to the southeast of 8 1 Ori C called 



"North-South Rim" by lO'Dell Gosa (120091 ) . The remaining samples fell within the boundary of 
the EON are were called "Inner". We then looked for common values and similar changes with D 
(the projected distance from 1 Ori C) for the non-M 43 samples. This examination caused some 
changes in the membership in the groups as "border" samples were shifted and led to the breakdown 
of the Inner group into multiple subgroups. In some cases individual samples violate one or two of 
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the several criteria for membership within a group and in other cases there is not a clear distinction 
between the groups, but when there were two or more criteria for membership in a specific group, 
the sample was placed there. The final membership in groups is also indicated in Figure [TJ The 
process of assigning membership into groups requires integration of multiple parameters, which at 
some point becomes rather qualitative, much like the identification of constellations in the starry 
sky, but the surviving groups are probably quite useful in determining the 3-D properties of the 
EON, as discussed in S 15. 1L 



5. Discussion 

This large body of new data can be used to determine properties of the Huygens Region, the 
EON, and the M 43 region. We first address the 3-D structure of these regions, comment on how 
this model may be common, discuss the results we obtain for the regions with known extended 
X-ray emission, then assess the characteristics of the scattered light and the affect that scattered 
light has on the interpretation of conditions in the Orion Nebula and similar gaseous nebulae. 



5.1. The 3-D Structure of the EON 

We can use the results from the wide array of samples to determine information about the 3-D 
structure of the nebula. This is done in a progression of steps, from the most populated groups 
to those with only a few members. We begin with the Inner group, where scattering of Huygens 
region light only becomes important in the most distant samples, then consider the M 43 samples, 
and finally consider the other groups. Figure [12] de-emphasizes the positions of the samples and 
labels the optical features used in the following discussion. 



5.1.1. The Inner Group 



Examination of Figure [7] shows quantitatively what the eye immediately sees, that the EON 
progressively grows much fainter further from 9 1 Ori C. The observed drop is less because the inner 
samples have had systematically higher corrections for interstellar extinction. In the smallest values 
of D there is a flattening which is probably due to the drop with distance being masked by the 
effects of the sample sizes being comparable to the distance from 1 Oi\ C. Beyond this inner region 
(essentially the Huygens Region), one sees a steady drop in S(H/3). The overall drop resembles 
the D -2 relation observed in the region of 9 1 Oi\ C. In addition to the effects of geometric dilution 
and a changing tilt of the ionization front there wi ll be removal of ion izing photons by intervening 
nebul ar gas (which would reduce the local S(H/3) (jWen fc Q'Delllll995l ). Moreover, lO'Dell Goss 
(|2009l ) argue that scattered light from the Huygens Region begins to be important at about D=5'. 
If the albedo of the scattering particles were unity and the phase function isotropic, scattered H/3 
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would give a surface brightness relation close to the dashed line in Figure [7J but of course neither 
of these conditions are likely to be satisfied. 

The EW is determined by the ratio of incident ionizing LyC photons at the main-ionization- 
front (which produce the photoionizations that yield H/3) to the scattered stellar continuum. In the 
Huygens Region 1 Ori C is the most import ant source of LyC phot ons, but as one moves out LyC 



photons from # 2 Ori A (spectral type 09.5V (jWarren fc Hesserlll977l )) may also become important. 
# 2 Ori A is difficult to see in Figure [TJ but lies south of the boundary between samples 12-east and 
12-mid. We don't know the relative displacement of these two stars along the line-of-sight, but 
we do know that the giant proplyd 244-440 ne ar fl 2 Ori A indicat es by the location of its bright 



rim that it is dominantl y ionized by fl 2 Ori A (jBallv et al.ll2001bl ) and that the proplyd 206-447 
shows two bright edges ( Q'Dell Wenlll994l ). indicating ionization by both # 2 Ori A and ^ 1 Ori C. 



However, these objects must lie within the open cavity of the nebula and the nebular emission 
arises mostly from near the main-ionization-front lying further away. The situation with respect to 
sources of the optical continuum is even more complex. The four brightest Trapezium stars 1 Ori 
A (V=6.72), f^Ori B (V=8.10), f^Ori C (V=5.40), and ^Ori D (V=6.70) respectively) dominate 
the inner Huygens Region, but # 2 Ori A (V=5.08) and # 2 Ori B (V=6.39) may become important 
to the southeast. 

Under the reasonable assumption that the emission- lines arise from gas ionized by ^ 1 Ori C on 
the observer's side of the main-ionization-front and the continuum arises from Trapezium starlight 
scattered by dust in the dense PDR on the far side of the main-ionization-front, we can predict a 
general relation between EW and D. The first order expectation is that EW should be constant 
with D. However, absorption of LyC photons by intervening gas will be greater than the dust 
extinction of optical photons because of the very high absorption coefficient for hydrogen. As a 
result, the local ionization front would see relatively fewer ionizing photons that produce the H/3 
emission (as compared with optical photons that produce the scattered continuum) and this leads 
to the expectation that EW should decrease with distance. This is probably what produces the 
general drop in the EW values for the Inner group with increasing values of D seen in Figure El 

When assessing the general trends for the ionic ratios we have to recall the general properties 
of the emission as described in paragraph 3 of § 1. [O III] arises from the region closest to the 
ionizing star, where both hydrogen and helium are ionized, [N II] arises from the region where 
hydrogen is ionized but helium is neutral, and [S II] arises from very near the main-ionization-front 
where there is a delicate balance between hydrogen ionizing photons (which can remove through 
photoionization the S + that produces [S II] emission) and the electrons arising from ionization of 
hydrogen that cause the collisional excitation of [S II] . The Balmer lines arise from throughout the 
ionized hydrogen zone. In Figure [9] we see that I([0 III])/I(H/3) drops with increasing distance for 
the Inner samples, which indicates that photoionization of helium is more complete in the inner 
regions while there are fewer ionizing photons further out and a correspondingly smaller [O III] 
emitting zone. The increase in I([N II])/I(Ha) (Figure HDD and !([ s HDAQHa) (Figure Q3J) with 
increasing distance indicates that the [N II] emitting zone is becoming a bigger fraction of the total 
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ionized hydrogen zone and that the transition zone between neutral and ionized hydrogen (where 
[S II] is produced) is also becoming relatively more important. 



The innermost of the Inner group cover the region modeled in detail bv lWen fc O'Delll (|1995l ). 
Although they did not consider ionization changes expected for their irregular concave model, it 
appears to be fully compatible with the Huygens Region samples of the Inner group. 



5.1.2. The SW Group 

The positions of these three samples are clearly within the Rim and were selected in order to 
determine if the darkest regions of the EON that were inside the Rim feature were different from 
the other EON samples. In terms of S(H/3) they fall on an extension of the pattern established with 
the Inner Group, that is, much lower than a D~ 2 projection from the Huygens Region and slightly 
fainter than the Outer Group at similar large distances. The [O III]/H/3 ratio is slightly higher than 
the lowest values of the Inner Group. The [N II] /Ha ratio is lower than a projection of the pattern 
for the Inner Group. These two line ratios argue that the SW Group is similar to the outer Inner 
Group except that it has a greater component of Huygens Region scattered light. The [S II] /Ha 
ratio is only slightly lower than a projection of the Inner Group pattern, which would indicate that 
the intrinsic [S II] /Ha ratio was very strong prior to dilution by Huygens Region scattered light. 
EW values are larger than the Outer Group samples of similar distance and slightly smaller than 
the outer Inner Group. 

The best 3-D interpretation of the SW Group is that this region is very similar to the outer 
Inner Group and simply carries the patterns established there to greater distances from 1 Ori C. 
The fact that the EW values are intermediate between the outer Inner Group and the Outer samples 
indicates that the ionization front here is curved towards the observer, but does not lie as far in 
the foreground as the Rim sampled by the Outer Group. 



5.1.3. The D Group 



The D Group samples are the second set that lie inside the Rim. This region was well sampled 
because of wanting to supply observation useful for studying the well-d efined, west facing shock that 
is drawn in Figure [T2l This shock was the subject of an early study (jDufour &: Mathislll975l ) and 
is the subject of a more comprehensive investigation by W. H. Henney and the obse rvational data 



on it from this program will be discussed in his later paper. It is well illustrated in iHenney et al 
(|2007h . 



The S(H/3) of this group is similar to Inner Group samples at the same distance, averaging 
only slightly higher. The diagnostic ratios [O III]/H/3, [N II] /Ha, and [S II] /Ha are all essentially 
identical to the Inner Group at the same distance, where Huygens Region scattered light has begun 
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to be quite important. The D Group does differ significantly in their EW values, being much 
higher than the Inner Group samples at this distance. Again, this is probably due to less LyC 
attenuation in this direction. The most straightforward explanation of that is that the material in 
the D Group samples lie in lower density material displaced towards the observer with respect to 
the main- ionization- front. In this explanation the even greater EW values of the West Group (§ 
5.1.8) would be due to the latter's being even closer to the observer. 



5.1.4. The M4 Group 

The M4 Group roughly isolates the samples on a broad, bright, north-south feature lying 



parall el to the east boundary of the Rim. Probably the best published image of it is in lHennev et al 



(|2007l ). It is bounded on both sides by regions of lower surface brightness than the general area, 
which immediately argues that it is a separate feature. The three samples are similar in S(H/3) 
to the Inner group at this distance and all of the samples have little extinction. However, the 
M4 group differs in the ionization ratios, with [O III]/H/3, [N II] /Ha, and [S II] /Ha lying on a 
projection of the pattern of change towards lower ionization established in the inner samples of 
the Inner group (before Huygens Region scattered light has begun to be important). In addition, 
the EW values average 423±6 A, which is similar to the samples closest to 9 1 On C. The Inner 
group samples at these distances have artificially enhanced S(H/3) through scattering of Huygens 
Region H/3 photons, so that the M4 group members are intrinsically much brighter than the nearby 
Inner group samples. All of these factors argue that the feature is distinctive and the ionizing LyC 
radiation has been little attenuated before reaching it. The simplest explanation is that it is a 
feature further from the main-ionization-front and its LyC radiation has passed only through the 
low density gas found at great er distances from t hat front. The group does lie in the vicinity of 



the very large HH 400 outflow (jBally et al.ll2001al ). but the similarity to the main-ionization-front 



in ionization argues that little of the radiation comes from that shock. 



5.1.5. The ReflNeb Group 



We used one slit that passed through the bright star Parenago 1605 (P1605, V372 Ori) and 
extracted two samples (26-north and 26-south) that were well removed from contributions from the 
star. P1605 is an HAEBE vari able and point X-ray sourc e of spectral type B9.5. The characteristics 



of the star are summarized in 



Hami douche et al.1 (|2008l ) and the heliocentric radial velocity of + 



49 km s 1 was derived by I Johnson I ( 19651 ). Johnson's velocity is about 23 km s 1 more positive 



than the group velocity of other member stars and he states that th e velocity is driven by the 
limited sampling of a binary star system. The best published image (IHenney et al.1 120071 ) shows 
that the star is surrounded by a reflection nebula, clearly indicating its association with nebular 
material. However, the samples taken were outside of the apparent reflection nebula and the effects 
of instrumental scattering of the starlight. The star is too cool to contribute to ionization of nearby 
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gas. The samples are very similar to the outer Inner Group and D Group at similar distances, but 
26-north is much lower in S(H/3) than 26-south and members of the other two groups. Where the 
ReflNeb Group differs most from the other groups is in the extraordinarily low values of EW, being 
30 A for 26-north and 80 A for 26-S. The reason for the low EW values is undoubtedly due to 
scattering of stellar continuum from P1605 and these two samples become the best representation 
of the scattering of continuum from a star not associated with the Trapezium. 



5.1.6. The Samples Associated with M 43 

The M43 group is quite different from the Inner group discussed above, which reflects the fact 
that NU Ori is much cooler than 1 Ori C. The extinction corrected S(H/3) is about a factor of 15 
lower than similar distance samples in the Inner gr oup. This is just abou t the s ame as the ratio 



of LyC luminosities of ^Ori C and NU Ori given in lOsterbrock fe Ferlandl ( 20061 ). The agreement 
indicates that the displacement of the ionizing star and the ionization front it causes on the Orion 
Molecular Cloud is about the same as for the Inner group. The EW values are very small, indicating 
that the continuum is very strong relative to the H/3 emission-line, reflecting its similarity to the 
outer parts of the Inner group, but having even lower intrinsic ionization. The extraordinarily 
low I([0 III])/I(H/3) ratio but high I([N II])/I(Ha) and I([S II])/I(Hq) ratios are the results of the 
much cooler temperature of NU Ori. In fact, at B 0.5 V and 32000 K, the star is right on the usual 
limit between classification as a reflection nebula or a Diffuse Galactic Nebula. Our results are in 



agreement with iPeimbert Sz Costerd (|1969l ) whose spectroscopic study of a single long-slit sample 
in M 43 did not go faint enough to detect the He I 5876 A line. They used their spectrum to 
determine that M 43 was not illuminated by ionizing radiation from ^Ori C and does not include 
substantial local scattering of Huygens Region emission- lines. 

Only the sample A-east (AE in the figures) is not like the others in some of the diagnostics. 
This sample lies on a north-south dark lane east of NU Ori (Figure [T2| where it is labeled M 43 
Dark Lane). This dark lane appears to be a foreground feature. However at ch/3=0 .68, sample 
A-east is less reddened than many of the other M43 group samples. Its S(H/3) is anomalously low 
for its distance from NU Ori and its [O III] /H/3 ratio anomalously high. The most straightforward 
interpretation of these anomalies is that the dark lane is so very optically thick that much of the 
radiation arises not from the blister portion of M 43 but from ionized material on the observer's side 
of the dark lane. This would cause the extinction to be underestimated and the extinction-corrected 
S(H/3) to be too small; however, the large [O III] /H/3 ratio suggests a role for photoionization by 
1 Ori C rather than simply an underestimate of the extinction. The distance of sample A-east 
is 8.7' from 6 1 Ovi C. The S(H/3) and [O III] /H/3 are about that seen in Inner region samples at 
this distance. The EW and [S II] /Ha values match a projection of the Inner samples out to 8.7' 
and [N II] /Ha is about the same as Inner samples at this distance from 1 Ori C. All of these 
characteristics indicate that sample A-east is dominated by 8 1 Ori C, rather than NU Ori. This 
would indicate that the north-south dark lane does not lie very much closer to the observer than 



9 Ori C, in contrast with the Dark Bay feature whi ch is almost certainly part of the for eground 
Veil at about one to three parsecs in the foreground (jAbel et al.ll2006l : lO'Dell et al.ll2009al ). 



5.1.7. The Outer Group 

The Outer group covers the widest area of the EON and is composed of samples along and 
outside of the irregular bright Rim that defines the EON. In the S(H/3) figure we see that the 
samples lie along a projection of the decrease of surface brightness with increasing distance defined 
by the outer samples of the Inner group. However, we saw in § 15.1.11 that those outer samples were 
strongly affected by scattered Huygens Region radiation, which means that the intrinsic surface 
brightness of those outer members of the Inner group is lower than presented. We show below that 
this is also true of our Outer group samples. 

In the [O IIIJ/H/3 figure we see that this ratio is almost constant at a value characteristic of 
the Inner group at about 3.5' distance and in contrast with the rapid drop with distance in the 
Inner group. Both the [N II] /Ha and [S II] /Ha ratios show a similar behavior, in that they are 
nearly constant at values similar to samples much closer to l Oi\ C. These three trends almost 
certainly indicate that the Outer group radiation is primarily light scattered by a neutral cloud of 
dusty material and originates little radiation of its own. The jump in the [O III]/H/3 ratio indicates 
an abrupt difference in conditions from the outer samples of the Inner Group and that the fraction 
of scattered Huygens Region light has become dominant. This means that the intrinsic emission in 
all lines, including H/3, is low and that the true surface brightness is much lower than it appears 
to be. The eastern parts of the Rim are sharply bounded, so that we must be looking at a low- 
level ionization front almost edge-on, which would raise the observed surface brightness. The fact 
that the observed but scattering-corrected surface brightness is low indicates that the Rim regions 
sampled lie at larger radial distances from from the l Ox\ C than indicated by their separation 
in the plane of the sky; that is, they lie in the foreground. The Veil must lie further towards the 
observer since the Dark Bay feature appears to obscure the Rim as it passes to the northeast of 

e 1 Ovi c. 

The one diagnostic parameter that is markedly different from the inner Huygens Region is the 
EW, which is nearly constant at a value lower than encountered in the Inner group (with only one 
exception). This is consistent with the interpretation of the Rim as being primarily scattered light 
from the Huygens Region with the addition of continuum from the luminous stars concentrated 
in the Huygens Region. These stars, including the 6 2 group, must lie in the foreground of the 
main-ionization-front and are closer to the Rim material, which would account for the stronger 
continuum in the Outer Group. 
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5.1.8. The Westernmost and West Groups 

The western side of the EON is much less well-defined than the east and there are a series of 
features in various emission-line and infrared continuum images that resemble the the east portions 
of the Rim, but lie at several distances from the center of the EON. We grouped samples in these 
remaining areas that by position fall outside of the EON proper, but do not share the properties 
of the Outer Group. 

Both the Westernmost Group and West Group samples lie on a D -2 projection from the 
Huygens Region of the H/3 surface brightness and are about a factor of two brighter than the 
Inner and Outer samples at the same distance. In this sense they look like the same natural group. 
However, in some of their other diagnostic parameters they appear to represent different conditions. 
They have similar [O III] /H/3 values (with a wider spread in the Westernmost Group) and these 
are about like the outer Inner Group samples and much lower than the Outer Group samples. In 
both groups their [S II] /Ha ratios lie on a projection of the pattern of the Inner sample and are 
higher than the similar distance Outer samples. The [N II] /Ha ratios behave in the same fashion 
with the exception that the Westernmost Group samples lie a bit lower than the trend established 
by the Inner Group samples, but still lie higher than the Outer Group samples. 

These diagnostic line ratios indicate that there is less influence of scattered Huygens Region 
radiation. This information indicates that the regions are ionization fronts and the higher S(H/3) 
is probably due to those ionization fronts being illuminated by LyC radiation little attenuated 
by gas in the Huygens Region. Where these two groups differ is that the EW is very high in 
the West Group (even larger than the central parts of the Huygens Region), while the EW for the 
Westernmost Group is comparable to parts of the Inner Group just before where scattered Huygens 
Region radiation begins to be important. However, the EW for the Westernmost Group is still more 
than twice the value of the Outer Group of similar distance. The difference in the EW of the two 
groups is probably due to additional absorption of LyC radiation at the greater distances to the 
Westernmost Group. Their PDR must not be significantly closer to the the stars that contribute 
the strong scattered continuum in the Outer Group. 



5.1.9. The NEArc Samples 



The NEArc group are those samples taken in the region in and near the Dark Bay feature. 
In the neutral hydrogen study of Ivan der Werf &; Gossl (|1989l ) this is the region of highest column 
density of H I. The majority of the samples lie among the Inner samples in the D-S(H/3) plot but 
1-east, 1-west, and 2-east bunch lower. Except for sample 1-east , the NEArc samples indicate 
higher ionization than Inner samples at the same distance from ^ 1 Ori C. In the D-EW plot all 
the NEArc group cluster near values of EW one-half that of Inner samples at the same distance. 
These facts argue that the NEArc samples are both local emission and scattered light from the 
Huygens Region; but they are also illuminated by NU Ori, which would increase the scattered light 
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continuum strength without increasing the ionization. 

Sample 1-east is different from the other NEArc samples in that it is of lower ionization than 
the others. It is also the closest sample to NU Ori and it is likely that this region is sufficiently 
blocked from radiation from 9 1 Ori C and the Huygens Region that it is equally affected by 9 1 Ori C 
and NU Ori. 



5.1.10. Relation of Optical Results to Observations of Extended X-ray Regions 



In an important recent paper iGiidel et al.l (|2008l ) report the discovery of million-degree gas in 



two extended X-ray emitting regions within the EON. The outlines of these are shown in Figure 
[T2l By plan, several of our slit samples fall within these X-ray regions with the X-ray North cloud 
including samples 27-west, C, D, D-Northeast, D-Southeast, and D-south and the X-ray South 
cloud including samples 26-south, E, H, and I. We have tried to determine if there are unusual 
characteristics of the optical radiation from these X-ray clouds. 

Figure [5] shows the electron temperatures for these clouds in bold line symbols (the X-ray 
North samples are the grouping with smaller D values). We can see no detectable different from 
other samples at similar distances. The similarity is not surprising since most of the radiation 
at those distances is scattered Huygens Region radiation, rather than being locally emitted. The 
electron temperatures of material influenced by the X-ray clouds would have to be very different 
in order to show up in this diagram. In the same fashion, the diagnostic ratios are most simply 
explained as emission from a low electron temperature gas, as addressed in § 15.1.81 



5.1.11. A Summary of the 3-D Properties of the Different Groups 



Understanding the 3-D structure of the Orion Nebula has been the target of multiple investi- 
gations for more than half a century. The assumption of spherical symmetry was the start of many 
studies but this broke down with the recognition that the increasing blue-shift of emission-lines 
coming from progressively higher states of ionization indicates that most of the Huygens Region 
radiation is coming from an ionized blister, beyond the dominant ionizing star (fl^Ori C), and on the 



side t hat faces the observer of a giant molecular cloud (jKaler II 19671 : IZuckerman 1 11973: Balick et al 



1991 



1974). A more quant itative approach, usin g the method suggested by Ferland ([Baldwin et al 



), was adopted by Wen Sz O'Dell (j 19951 ) to produce an irregular concave model. As noted in 
§ [H this surface has a nearly edge-on escarpment that passes from northeast to southwest, just 
west of # 2 Ori A and leads t o the feature called the Bri ght Bar. In the foreground is the Veil of 
essentially neutral material (jvan der Werf fc Gosslll989l ) that has the greatest column density in 
the direction of the Dark Bay. The distance of the Veil has been y ariously estimate d as being 1 



to 3 p arsecs in the foreground (|Abel et all 1200a ; lO'Dell et al.l l2009al ) . We now know (j O'Dell et al 



2009al ) that the bright rise to the southwest of the Trapezium is actually a dense cloud lying in front 
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of the main-ionization-front and is (jO'Dell et al.ll2009al ) the source (called O rion-S) of recent star 
formation and continued bipolar outflows. Most recently I O' Dell et al.l (|2009al ) have shown that the 
regions close to 6 1 On C are affected by the high velocity stellar wind from that star, but that the 
surrounding shock is open to the southwest. The immediate questions are "What is the structure 
of the EON and how does this relate to the Huygens Region structure?" 

The EON is probably a very low density region with little material on the observer's side 
in the foreground. A significant fracti on of this escaping low density gas is heated sufficiently to 
create extended X-ray emitting clouds (jGiidel et al.ll200 8). The far side of it is an ionized layer and 
beyond that a PDR of sufficient optical depth to scatter Huygens Region radiation (Inner group, 
ReflNeb group, D group, SWgroup). To directly see the Huygens Region, the ionized side of the 
EON must be concave. Within the boundary of the EON there are other features that are only 
loosely related to the main-ionization-front, for example the M4 group. The concavity apparently 
increases with distance and eventually causes the apparent boundary that is called here the Rim 
(Outer group, West group, Westernmost group) . The presence of many well defined structures 
along the rim argue that the EON has begun to curve back towards the center. 

The most difficult things to model in 3-D are the relative locations of the Dark Bay, the 
Northeast Dark Lane, the M 43 Dark Lane, and M 43 itself with respect to ^Ori C. We know 
that M 43 is not illuminated by 1 Ori C but that the very optically thick Northeast Dark Lane 
is affected by both 1 Ori C and NU Ori. We also know that the M 43 Dark Lane sample is not 
illuminated by the nearby NU Ori, rather, it is illuminated by 1 Ori C. 

The Rim is much less sharply delineated from position angles 225°-315°. In this quadrant there 
are apparent multiple components to the Rim and they are more irregular, some even approaching 
the shapes of the elephant trunks seen in many other Diffuse Galactic Nebulae. The fine-scale 
structure there may be related to the fact that the high velocity wind from ^Ori C directly flows 
into that direction. An additional affect may the LyC shadow-zone cast by the Orion-S imbedded 
cloud, which will block radiation over a position angle range of about 220° to 250° and there are 
numerous structures with the Rim in those directions. To the northwest there are features that 
look like large shock s and these are in approximate alignment with a major outflow from Orion-S 
(jHennev et al.l 120071 ). suggesting that these structures are shaped by that collimated outflow. 



We present in Figure[T3ltwo cross-section cuts perpendicular to the plane of the sky and passing 
through nearly orthogonal angles on the sky. This figure depicts the major feature s of our suggested 
structure of the M 42, EON, and M 43 region. It should be noted (jo'Dell IhoOll ) that the ionized 



blister that faces the ionizing star is actually of greatest density near the main-ionization-front 
and decreases in density with increasing distance from that layer. Likewise, the peak emissivity 
of the blister decreases with increasing distance from the ionizing star. The northeast-southwest 
plane was broadened slightly to include the Northeast Dark Lane and Orion-S (jO'Dell et a l. 2009a) 
features, which do not fall exactly on the plane including 1 Ori C and NU Ori. 



In a Fabry- Perot study. iDeharveng I ( 19731 ) noted a velocity splitting of the [N II] 6583 A line 
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in th ree regions of the inner EON. W here their more limited coverage overlapped with DeHarveng's 
field iGarcfa-Diaz Hennevl (|2007l ) also found line splitting in [S II] but not [O I] or [S III] and 
called it the Diffuse Blue Layer. They derived a density of N e = 400 cm -3 . DeHarveng's region A 
to the southeast of ^Ori C lies just inside the southeast Rim. It is likely that the two velocity 
components arise from either side of the Rim as it curves transitioning from concave, to convex, 
and back to concave as shown in the lower panel of Figure [T3l Her region B lies just inside of 
of the northern portion of the Rim and inside of the Northeast Dark Lane and could arise from 
emission from both sides of either features. Her region C was not included in our slit samples but 
does extend to the northwest where the EON has several large arcs. 



5.2. Are Other H II Regions Similar to the EON? 



In the preceding section we have established a detailed structure for the M 42, EON, and M 43 
regions. This was possible because of the dominance of the LyC luminosity by one star (^ 1 Ori C) 
and the many results obtained from a rich variety of methods of observations (X-rays through radio 
waves). It can be argued that building such a detailed structure goes beyond the justification that 
"It can be done." The factors that determine the structure of the Orion Nebula are also at play 
in other Diffuse Galactic Nebulae (H II Regions) and many would probably resemble the Orion 
Nebula if examined in similar detail. 

The immediate temptation in interpreting H II Regions is to assume that circular symmetry on 
the plane of the sky a rgues for spherical symmetry in 3-D. This bias is goes back to the paradigm- 
establishing paper of IStromgren I (119391 ). who first applied photoioniz ation theory t o a star in a 
constant density cloud of neutral hydrogen. However, we know today (jO'Dell Ill999l ) that objects 
of the same first-order appearance can also be produced by a blister nebula and it can be argued 
that these are more common. When an H II region is formed near the edge of a G MC, the ionized 



gas is likely to break out of the overlying material (the so-called Champagne Phase (jTenorio-Tagle 



19791 )) and photoionized gas rapidly escapes. This quickly produces a blister nebula that can have 
a long life. Blisters that are not facing the observer will not be seen visually, so that selectively we 
will see the blister nebulae nearly face-on. The blister will probably be irregular in form as it will 



erode more slowly where the underlying density of the GMC is higher (jHennev et al. 1 120051 ) . 



Of course the situation becomes more complex when multiple stars are formed close together 
and when there are multiple epochs of massive star formation. However, the basic paradigm and 
observational restrictions will apply, which means that the Orion Nebula becomes a good exemplar 
of optically bright H II Regions. This also means that it i s a test-bed for evaluating our knowledge 
of the physics that occurs in H II Regions (jO'Dell 11200 ll ) and for determining how accurately we 
can calculate basic parameters like electron temperatures, electron densities, and abundances. 
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5.3. Scattering of Emission-Line Radiation by the PDR 

There are several lines of evidence that emission-line radiation is scattered in the PDR behind 
the main-ionization-front . This effect appears to be wavelength dependent and has important 
repercussions in the interpretation of emission-lines from the Orion Nebula and probably also other 
gaseous nebulae. 



5.3.1. Comparison of Radio and Optical Surface Brightness 



The present study extends the discussion of th e possible role o f Huy gens Region light scat- 
tered by material in the EON that was initiated in lO'Dell Gosd (|2009i ). In that earlier study 
a spectroscopic slice of the EON about 8' south of 6 1 Oy\ C was compared with a 327.5 MHz low 
resolution (78.6"x 65.0") image made with the Very Large Array radio telescope. It was concluded 
that the optically thin radio continuum became systematically fainter with distance from ^ 1 Ori C 
than expected from the S(H/3). This was interpreted as some of the EON H/3 optical light having 
arisen from the Huygens Region and was scattered locally by dust in the high density PDR that 
lies immediately beyond the ionized layers of the EON. 



O'Dell &: Gosd (|2009i ) gave supporting evidence for this interpretation by showing that their 



new spectroscopic determination of the ratio of fluxes of the first two members of the Balmer 
series F(Ha)/F(H/3) dropped with increasing d istance from 9 l Oii C, falling to below the value o f 



2.89 expected theoretic ally for a gas of 9000 K (lOsterbrock &; Ferland 



Baldwin et al. 



1991 



Moreover, earlier wo rk (jO'Dell Hubbardlll965l ; ISimpson 



1973 



2006 



O'Dell Goss 2009) 



Peimbert feTorres-Peimbert 



1977 



using many fewer samples showed this same trend, but the pattern had not 
been recognized. The present study contains many more samples that all previous studies combined 
and goes out to greater distances. Our results show the same pattern, as illustrated in Figure [3j 
Again we see the dependence of F(Ha)/F(H/3) on di stance from 1 Ori C, w ith values systematically 
fal ling below the the oretical values (2.89). Following O'Dell Sz Goss (|2009l ) and an earlier suggestion 
bv lPeimbert I ()1982l ) we interpret this as meaning that at distances beyond about 5' scattered light 
from the PDR begins to be an important contributor to the total flux in these Balmer lines. 
The scattered light component would have to be wavelength dependent, with shorter wavelengths 
preferentially scattered more. Almost certai nly the explanation is not d ue to the flux ratio being 
dependent on the electron temperature since (jOsterbrock fe Ferlandll2006l ) the ratio is 2.87 at 10000 
K and drops to 2.69 (near the average of the furthest samples) at the extreme temperature of 20000 
K. 



-23- 



5.3.2. The Wavelength Dependence of the Scattered Light 



We can get some insight into the wavelength dependence of scattering by the PDR by com- 
paring the scattered starlight continuum with that o f the illuminating star ( s). U sing the values 
for recombination coefficients and collision rates from lOsterbrock Sz Ferlandl (|2006l )we have calcu- 
lated the EW for a dust-free gas of 9000 K woud be about 1600 A for N e =200 cm" 3 amd 1800 A 
for N e = 6000 cm -3 (the difference being due to suppression of two photon emission by collisional 
de-excation of the 2 2 p state of hydrogen. This means that even in the innermost regions of the 
Huygens Region the continuum is dominated by scattered starlight. However, we don't know the 
spacing of any of the bright stars, with the exception of 1 Ori C, with respect to the PDR and don't 
know which ones are the most important contributors. We can, however, get useful information 
by comparing the continuum in M 43 with NU Ori, which clearly dominates this object. M 43 is 
also a blister type H II Region with the dominant ionizing sta r (NU Ori) lying in front of the local 
ionized gas, behind which lies a PDR ([Herrmann et al.lll997l ). Once again we are dealing with a 
geometry involving backscattering. In Figure 0] we compare the observed flux in the A-mid and 
A(N-S slit)-Mid samples, which are the closest to NU Ori, with the observed flux from NU Ori itself. 
The NU Ori observations were made during the same observing run as the M 43 observations. All 
of these have been normalized to be unity at 7000 A. The ch/3 extinction of the two samples (0.77 
and 0.71) ind i cates a foreground reddening essentially the same as that of Av=1.74 determined by 
Penston et al (jl975l ) for NU Ori. We see that the scattered light is much stronger in the blue, which 
strengthens the interpretation of the anomalous F(Ha)/F(H/3) being due to a mixture of locally 
emitting radiation and scattered Huygens Region radiation. There may be some reddening of the 
Huygens Region radiation before reaching the PDR, which means that one woul d expect there to 
be a wide scatter of the line ratio at large distances. iGreenstein fc Henvevl (|1939l ) were the first to 
argue that the continuum of the Huygens Region is bluer than the the brightest stars in the region, 
a conclusion rendered more accurately in this study 70 years later. 



5.3.3. The Impact of Scattered Light on the Interpretation of Emission- Line Radiation 



The presen ce of a significant fract ion o f wavelength de pendent scattering means that the worse 
fears posited in lO'Dell k, Gossl (|2009i ) and lO'Dell I (j200ll ) seem to be confirmed. This is true for 
both the bright inner region and the EON. 

The Huygens Region has been studied spectroscopically at sufficiently hig h resolution to de 



Hennev 


1994 


1998: 


O'Dell 


2001 



because there is a velocity difference between the approaching emitting layers and the station- 
ary scattering layer, which produces a doubled velocity shift in the scattered light. The strong 
wavelength dependence of scattering efficiency means that one can expect that the fraction of light 
scattered will vary with wavelength, presumably becoming greater with decreasing wavelength. Any 
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study that does not isolate the flux from the main emission-line and scattered light will include 
an important photometric error. This has always been the case, including in this study, because 
low velocity resolution studies and none of the high resolution studies have attempted this. Since 
the velocity resolution of these high resolution-broad wavelength range studies have typically been 
about 10 km s _1 even they may lack the necessary resolution to determine this correction. 

This effect can systematically affect the analysis of nebulae like the Orion Nebula. An example 
is in the determination of electron temperatures by comparing the shorter wavelength auroral lines 
with the nebular lines, which is commonly done for [S II], [N II], and [O III]. Scattering would 
mean that the temperature determined from samples affected by preferential blue scattering would 
be too large. This effect would have an opposite effect on the reddening corrections because 
it would cause the extinction to be under-estimated and the auroral line26s under-corrected for 
reddening, leading to artificially low derived electron temperatures. It is not clear which of these 
two effects would prevail. Wavelength dependent scattering could contribute to the temperature 
discrepancy that is known to exist when comparing the results of different methods. A systematic 
over-estimate of the forbidden line temperatures would mean that the forbidden line ions actually 
have greater abundances. This is the se nse of the abundance discrep ancy that is thought to apply 



to H II Regions and planetary nebulae (jPeimbert Sz Peimbertl 12009 ) . Scattering could, therefore 



be an important contributor to the so-called t 2 effect and could potentially remove the apparent 
abundance discrepancy. 

The presence of large-scale scattering in the EON of Huygens Region radiation means that if 
one were to analyze the integrated spectrum of the entire Orion Nebula that the line ratios would be 
a mix of direct radiation from the Huygens Region, intrinsic radiation from the EON, and Huygens 
Region radiation scattered within the EON. Such an analysis would be subject to systematic errors 
that cannot be removed without a thorough knowledge of the geometry of the object and the 
scattering properties of its particles. At a distance of 440 pc, the 33'x 24' major axes of the EON 
corresponds to dimensions of 4.2 pc x 3.1 pc . The larger dimens ion would subtend 19" at a distance 



to the Large Magellanic Clo ud of 46.8 kpc ([Walker et al.ll2Q0lh and 1.20" at a distance of 744 kpc 
for the Andromeda Galaxy ( Vilardell et al. 201ol ). This means that characteristic determinations 



of abundances from emission-lines will be affected by scattering for these nearby galaxies and the 
effects will also be present in the study of more distance galaxies. 



6. Summary of Conclusions 

Our new spectroscopic observations have allowed us to reach multiple conclusions, some of 
which find application outside of the Orion Nebula. 

1. The electron temperature derived from nebular to auroral forbidden line ratios shows little 
change with distance from 9 1 Ovi C, although the scattered light effect mentioned in conclusion 9 
may mask a general decrease with distance. The electron density clearly decreases with increasing 
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distance from 9 Ori C, although again the outmost samples are probably contaminated by light 
scattered from the Huygens Region. 

2. The electron temperature in the inner regions, where scattering is not as important indicates 
that there may be a difference in the various ionization layers with [S II] giving T e =7390±780 K, 
[N II] 8390±170 K, and [O III] 8610±640 K which agree with the best radio data determination of 
8300±200 K for the entire ionized hydrogen layer and hint that there may be a gradient in electron 
temperature contrary to that expected from radiation hardening. 

3. Scattering of Huygens Region radiation by dust in the underlying PDR becomes important 
beyond a distance of 5' from 6 1 Ot\ C. This means that the derived conditions of electron temperature 
and density for samples distant from 9 1 Oi\ C are subject to systematic error as one is actually 
seeing radiation from both the outer and inner regions. This scattering preferentially favors shorter 
wavelengths. The wavelength dependence causes the observed F(Ha)/F(H/3) to fall below its well- 
defined theoretical value at large distances from 9 1 Oy\ C and would cause the electron temperatures 
to be over-estimated. 

4. Even in the Huygens Region backscattering of emission-lines will play an important role 
in distorting derived properties of the nebula unless one employs a spectroscopic resolution that 
isolates and removes the wavelength dependent scattered light component. 

5. Diagnostic line ratios that indicate conditions of ionization, combined with measures of the 
extinction corrected surface brightness in H/3 and the equivalent width of the underlying continuum, 
are useful for determining a 3-D model of this region. The derived model is an irregular concave 
surface bounded at the extremes by nearly edge-on walls lying in the foreground, but closer to 
9 l Ox'\ C than the foreground Veil. M 43 is seen to be isolated from the Huygens Region by the wall 
defining the outer boundary of the EON. 

5. Many of the optically bright H II regions are going to be similar to the 3-D model for Orion. 
This means that the scattered light phenomenon will also occur there and also affect derivations of 
nebular conditions. 

We are grateful to Jose Velasquez of the CTIO staff for assistance in obtaining the spectra and 
to Robert H. Rubin of NASA's Ames Research Center for calculating alternative values of tempera- 
tures and densities for [S II]. Partial financial support for CRO's work on this project was provided 
by STScI grant GO 10967 (CRO, Principal Investigator). Jessica Harris participated in this pro- 
gram while a student in the Fisk University- Vanderbilt University Bridge program, supported by 
the National Science Foundation (PAARE grant AST-0849736). Vanderbilt University partici- 
pation in the SMARTS consortium is funded through the Vanderbilt Initiative in Data-Intensive 
Astrophysics. 
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A. Properties of the Samples Observed 

Insert Table [2] here. 

B. Reddening Corrected Flux Ratios-One 

Insert Table [3] here. 
Insert Table H] here. 
Insert Table [5] here. 
Insert Table here. 
Insert Table [7] here. 
Insert Table [8] here. 
Insert Table [9] here. 



C. Derived Electron Temperatures and Densities 

Insert Table [TUl here. 
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Table 1. Comparison of Observed Line Flux Ratios with those of B1991 



Wavelength (A) 


B1991 


This Study 


4340 


0.45 


0.43 


4861 


1.00 


1.00 


4959 


0.92 


0.93 


5007 


2.76 


2.75 


6563 


3.34 


3.20 


6716 


0.061 


0.058 


6731 


0.076 


0.068 


7065 


0.047 


0.048 
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Fig. 1. — The slit positions in this study are shown superimposed on a broad band- 
pass red, green, and blue ground-based image of the EON created by Robert Gendler 
(http://www.robgendlerastropics. coml ) and used with his permission. Many slit samples presented 
in Table 1 have been divided into subsamples named according to their orientation and position, e. 
g. 1-west, 1-mid, 1-east, 25SW. Groupings of samples discussed in §H]are designated, with common 
colors indicating memberships, although the same colors are used for widely separated groups. 
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Fig. 2. — The full wavelength range spectrum of the bright 12-mid and faint E samples are shown 
in relative logarithmic flux plots. A few of the brighter lines are identified. The gap at about 7000 
A is due to a bad column in the CCD detector. The dip long of the 5876 A Hel line is due to 
over-subtraction of the Nal lines arising from man-made sky background. These are observed fluxes 
and have not been reddening corrected. 
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Fig. 3. — This depiction of the observed F(Ha)/F(H/3) shows the systematic decrease with in- 
creasing distance from ^Ori C. The ellipse shows the five samples (5-East, 6-East, 7-East, 8-East, 
9-East) that fall in the Dark Bay feature to the east of the Trapezium. The theoretically expected 
zero reddening value of 2.89 is also shown. 
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Fig. 4. — The observed flux distribution, normalized to unity at 7000 A, is shown for NU Ori, 
and the two samples of M43 closest to the star. The interstellar reddening is very similar for each 
sample and this figure illustrates the strong preferential scattering of shorter wavelength radiation. 
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Fig. 5. — The values of the electron temperature derived from reddening corrected auroral to 
nebular line ratios are shown as a function of distance from 6 1 Ori C. Boxes are for [S II], x's for 
[N II], and +'s for [O III]. The heavy line symbols are samples from the known extended X-ray 
regions discussed in § 15.1.101 




Fig. 6. — The values of the electron density derived from the reddening corrected nebular doublet 
ratios are shown as a function of distance from 1 Ori C. Boxes are for [S II] and diamonds for 
[CI III]. A line with N e ~ D~ 2 is shown for reference. 
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Fig. 7. — The average extinction corrected surface brightness in the H/3 line for each of our samples 
are shown as a function of distance from the dominant ionizing star 6 1 Ori C, with the exception of 
the M43 group samples and they are plotted against the distance from their much cooler exciting 
star NU Ori. Logarithmic scales are used for both axes and a S(H/3)~D~ 2 is shown for reference. 
We have grouped the samples into subsets shown as the different symbols, these being the same 
subsets indicated in Figure [U but the color coding is not always the same. A few outlying samples 
are labeled. 
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Fig. 8. — The average equivalent widths of the continuum at 4861 A and the H/3 emission-line are 
shown as a function of distance from the dominant ionizing star. Smaller values of the equivalent 
width indicate relatively stronger continuums. Since the equivalent width for a purely gaseous 
nebula at 9000 K is 1800 A at N e =6000 cm" 3 and 1600 A at N e =200 cm" 3 , most of the continuum 
arises from scattered starlight. The symbols are the same meaning as in Figure [7] and outlying 
samples have again been labeled. Lines have been drawn between members of some groups for 
clarity in identifying member samples. 
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Fig. 9. — The average extinction corrected I([0 III])/ I(H/3) ratios for each of our samples are shown 
as a function of distance from the dominant ionizing star. The symbols are the same meaning as 
in Figure [7] and a few outlying samples have again been labeled. Lines have been drawn between 
members of some groups for clarity in identifying member samples. 
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Fig. 10. — The average extinction corrected I([N II])/ I(Ha) ratios for each of our samples are shown 
as a function of distance from the dominant ionizing star. The symbols are the same meaning as 
in Figure [7] and a few outlying samples have again been labeled. Lines have been drawn between 
members of some groups for clarity in identifying member samples. 
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Fig. 11. — The average extinction corrected I([S II])/ I(Ha) ratios for each of our samples are shown 
as a function of distance from the dominant ionizing star. The symbols are the same meaning as in 
Figure [7] and a few outlying samples have been labeled. Lines have been drawn between members 
of some groups for clarity in identifying member samples. 




Fig. 12. — The same images as Figure [U except rendered in grayscale. The heavy solid lines trace 
the boundaries of the EON called the Rim, the heavy dark lines trace high extinction elongated 
Lanes, dashed lines the outer boundaries of the M 41, M 43, and EON complex, and the light solid 
lines with internal cross-hatching trace known regions of extended X-ray emission. 
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Fig. 13. — Two cross-section cuts perpendicular to the plane of the sky and through the M 42, 
EON, and M 43 region are shown. The upper panel is from northeast to southwest and passes 
through both NU Ori and 6 1 Ori C while the lower panel is from southeast to northwest and passes 
through # 2 Ori A and 6 1 Ovi C. The features and details are discussed in § 15.1.111 
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Tablc 2. Spectroscopic Samples 



bamplc 
Designation 


length 

(arcsec) 


Center Position a 


Distance 
from Star* 3 


Date of 
Observation 


Exposure 
Time^ 


CH/3 


Q /TT a\c 


Equivalent 
VViatn at rip { A) 


1-cast 


214 


5:35:23.7 -5:19:23 


4.5 


11-25-08 


600 


0.51 


5.44E-14 


110 


1-west 


214 


5:35:09.3 -5:19:23 


4.3 


11-25-08 


600 


0.33 


4.61E-14 


170 


2-cast 


130 


5:35:26.5 -5:19:53 


4.5 


11-25-08 


120 


0.36 


2.93E-14 


120 


2-mid 


130 


5:35:16.5 -5:19:53 


3.5 


11-25-08 


120 


0.42 


2.16E-13 


270 


2- west 


130 


5:35:09.3 -5:19:53 


4.1 


11-25-08 


120 


0.15 


1.33E-13 


400 


3-cast 


130 


5:35:26.5 -5:20:23 


4.1 


11-25-08 


600 


0.73 


2.10E-13 


130 


3- mid 


130 


5:35:16.5 -5:20:23 


3.0 


11-25-08 


600 


0.53 


4.13E-13 


270 


3- west 


130 


5:35:09.3 -5:20:23 


3.7 


11-25-08 


600 


0.20 


1.92E-13 


150 


4- cast 


130 


5:35:26.5 -5:20:53 


3.7 


11-25-08 


180 


0.48 


1.27E-13 


160 


4- mid 


130 


5:35:16.5 -5:20:53 


2.5 


11-25-08 


180 


0.54 


5.72E-13 


320 


4- west 


130 


5:35:09.3 -5:20:53 


3.3 


11-25-08 


180 


0.26 


2.72E-13 


370 


5-cast 


70 


5:35:28.5 -5:21:23 


3.8 


11-25-08 


120 


0.85 


1.35E-13 


120 


5- mid 


263 


5:35:17.3 -5:21:23 


2.0 


11-25-08 


120 


0.58 


8.42E-13 


340 


5- west 


96 


5:35:05.3 -5:21:23 


3.2 


11-25-08 


120 


0.21 


2.31E-13 


400 


6-cast 


70 


5:35:28.5 -5:21:53 


3.6 


11-25-08 


120 


0.87 


2.09E-13 


150 


6- mid 


263 


5:35:17.3 -5:21:53 


1.5 


11-25-08 


120 


0.69 


1.37E-12 


380 


6- west 


96 


5:35:05.3 -5:21:53 


2.9 


11-25-08 


120 


0.24 


2.46E-13 


350 


7- cast 


178 


5:35:24.9 -5:22:23 


2.5 


11-25-08 


60 


1.08 


7.33E-13 


170 


7- mid 


126 


5:35:14.7 -5:22:23 


1.0 


11-25-08 


60 


0.71 


2.70E-12 


480 


7- west 


125 


5:35:06.3 -5:22:23 


2.5 


11-25-08 


60 


0.27 


3.55E-13 


410 


8-east 


178 


5:35:25.1 -5:22:53 


2.3 


11-25-08 


60 


0.98 


4.48E-13 


140 


8-mid 


126 


5:35:14.7 -5:22:53 


0.5 


11-25-08 


60 


0.60 


2.66E-12 


460 


8- west 


125 


5:35:06.3 -5:22:53 


2.3 


11-25-08 


60 


0.26 


3.72E-13 


380 


9-cast 


90 


5:35:14.4 -5:23:27 


1.3 


11_19_08 


3300 


0.94 


2.63E-12 


270 


9-mid 


52 


5:35:05.7 -5:23:27 


1.0 


11_19_08 


3300 


0.33 


1.87E-12 


430 


9- west 


198 


5:34:55.3 -5:23:27 


3.6 


11_19_08 


3300 


0.22 


1.20E-13 


370 


10- east 


143 


5:35:26.1 -5:23:53 


2.5 


11-25-08 


60 


0.44 


1.05E-12 


380 


10-mid 


143 


5:35:16.5 -5:23:53 


0.5 


11-25-08 


60 


0.60 


2.83E-12 


470 


10- west 


143 


5-35 06 9 -5-23-53 


2.3 


11-25-08 


60 


0.29 


4.36E-13 


390 


11-east 


143 


5:35:26.1 -5:24:23 


2.8 


11-25-08 


60 


0.41 


9.41E-13 


320 


11-mid 


143 


5:35:16.5 -5:24:23 


1.0 


11-25-08 


60 


0.56 


2.12E-12 


480 


1 1-west 


143 


5:35:06.9 -5:24:23 


2.4 


11-25-08 


60 


0.26 


3.25E-13 


380 


12-east 


111 


5:35:27.2 -5:24:53 


3.0 


11-25-08 


120 


0.19 


2.68E-13 


210 


12-mid 


139 


5:35:16.4 -5:24:53 


1.5 


11-25-08 


120 


0.60 


2.17E-12 


430 


12- west 


143 


5:35:06.9 -5:24:53 


2.6 


11-25-08 


120 


0.37 


3.93E-13 


400 


13-cast 


143 


5:35:26.1 -5:25:23 


3.4 


11-25-08 


120 


0.22 


3.25E-13 


220 


13-mid 


143 


5:35:16.5 -5:25:23 


2.0 


11-25-08 


120 


0.54 


1.25E-12 


430 


13- west 


143 


5:35:06.9 -5:25:23 


2.9 


11-25-08 


120 


0.37 


3.62E-13 


270 


14-east 


143 


5:35:26.1 -5:25:53 


3.6 


11-25-08 


240 


0.17 


2.19E-13 


300 


14-mid 


143 


5:35:16.5 -5:25:53 


2.5 


11-25-08 


240 


0.46 


5.27E-13 


330 


14- west 


143 


5:35:06.9 -5:25:53 


3.3 


11-25-08 


240 


0.21 


2.26E-13 


450 


15-east 


143 


5:35:26.1 -5:26:23 


3.9 


11-25-08 


360 


0.18 


2.01E-13 


330 


15-mid 


143 


5:35:16.5 -5:26:23 


3.0 


11-25-08 


360 


0.42 


2.91E-13 


300 


15- west 


143 


5:35:06.9 -5:26:23 


3.7 


11-25-08 


360 


0.21 


1.64E-13 


380 


16-east 


143 


5:35:26.1 -5:27:23 


4.8 


11-25-08 


600 


0.13 


1.33E-13 


370 



-45- 



Table 2 — Continued 



OctilljJlt- 
Tioqi crn n t inn 




OTltor 1 -^j—s CJ 1 "t" 1 All 
V^UIlLt_.l JT US1L1U11 

R A DEC 


11 Will OliO/l 


Date nf 


[ j - ■ | ' Ua Lll l_ 

Time d 


c H/3 




TV niiiifo 1 o Ti + 
Hjl^Lil VtxlL-IlL 

Width at Htf ( K\ 

vv iuiii ci. ir l±^j i n i 


16-mid 


143 


5:35:16.5 -5:27:23 


4.0 


11-25-08 


600 


0.29 


1.34E-13 


280 


16- west 


143 


5:35:06.9 -5:27:23 


4.5 


11-25-08 


600 


0.13 


6.12E-14 


260 


17 


429 


5:35:16.5 -5:29:23 


6.0 


11-25-08 


600 


0.02 


2.50E-14 


230 


18 


429 


5:35:13.6 -5:30:23 


7.0 


1-16-09 


600 





2.62E-14 


250 


19-east 


168 


5:35:48.7 -5:31:23 


11.3 


1-16-09 


1800 


0.12 


1.54E-14 


160 


19- west 


261 


5:35:34.3 -5:31:23 


9.1 


1-16-09 


1800 





1.48E-14 


280 


20 


429 


5:35:13.6 -5:31:23 


8.0 


1-16-09 


1200 





2.09E-14 


300 


21 


429 


5:35:13.6 -5:33:23 


10.0 


1-16-09 


1200 





1.87E-14 


300 


22 


429 


5:35:13.6 -5:35:23 


12.0 


1-16-09 


1200 





1.16E-14 


250 


23 


429 


5:35:13.6 -5:37:23 


14.0 


1-16-09 


1200 





8.20E-15 


210 


24-north 


156 


5:35:13.0 -5:25:54 


2.5 


11-21-08 


5000 


0.35 


6.34E-13 


350 


24-south 


168 


5:35:06.7 -5:30:03 


7.0 


11-21-08 


5000 





2.07E-14 


190 


25-NE 


120 


5:35:01.4 -5:28:26 


6.2 


11-21-08 


4200 


0.06 


3.74E-14 


180 


25-SW 


116 


5:34:48.6 -5:32:35 


11.4 


11-21-08 


4200 





1.03E-14 


130 


26-north 


111 


5:34:46.9 -5:32:24 


11.0 


11-22-08 


3600 





4.69E-15 


30 


26- south 


77 


5:34:46.9 -5:36:59 


15.6 


11-22-08 


3600 





1.18E-14 


80 


27-east 


234 


5:34:48.0 -5:25:14 


7.5 


11-22-08 


1800 





2.39E-14 


400 


27-west 


195 


5:34:33.6 -5:25:14 


10.9 


11-22-08 


1800 


0.01 


1.65E-14 


370 


28-cast 


195 


5:34:14.8 -5:26:02 


16.0 


11-22-08 


3600 


0.07 


1.33E-14 


480 


28- west 


209 


5:33:59.6 -5:26:02 


19.6 


11-22-08 


3600 


0.21 


7.54E-15 


270 


A-east 


53 


5:35:37.7 -5:16:23 


97 


12-09+13+14-09 


3200 


0.68 


1.49E-14 


90 


A-mid 


43 


5:35:31.2 -5:16:23 


23 


12-09+13+14-09 


3200 


0.77 


2.68E-13 


80 


A-rift 


46 


5:35:34.2 -5:16:23 


47 


12-09+13+14-09 


3200 


1.20 


2.19E-13 


60 


A-west 


121 


5:35:25.8 -5:16:23 


89 


12-09+13+14-09 


3200 


0.54 


1.43E-13 


150 


A(N-S)-north 


91 


5:35:30.0 -5:14:32 


98 


12-12+15-09 


3600 


1.04 


1.78E-13 


150 


A(N-S)-mid 


113 


5:35:30.0 -5:15:59 


21 


12-12+15-09 


3600 


0.71 


2.57E-13 


130 


A(N-S)-south 


108 


5:35:30.0 -5:17:57 


119 


12-12+15-09 


3600 


0.66 


8.31E-14 


110 


B 


345 


5:34:47.0 -5:27:40 


8.5 


12-12+15-09 


4500 





2.17E-14 


450 


B1991 


61 


5:35:07.9 -5:22:27 


2.1 


12-14-09 


120 


0.19 


2.99E-13 


340 


C 


344 


5:34:35.5 -5:27:21 


11.0 


12-12+15-09 


4500 





1.29E-14 


400 


D-NE 


156 


5:34:32.7 -5:26:05 


11.4 


12-13+14-09 


2400 





1.48E-14 


480 


D-NW 


156 


5:34:20.0 -5:25:05 


14.4 


12-13+14-09 


2400 


0.06 


2.06E-14 


640 


D-SE 


156 


5:34:32.7 -5:27:06 


11.7 


12-14-09 


1200 





1.30E-14 


410 


D-SW 


156 


5:34:20.0 -5:27:06 


14.7 


12-14-09 


1200 


0.03 


1.60E-14 


490 


D-north 


57 


5:34:26.3 -5:25:18 


12.7 


12-12+15-09 


6500 


0.01 


2.42E-14 


720 


D-south 


79 


5:34:26.3 -5:29:55 


14.1 


12-12+15-09 


6500 





9.91E-15 


460 


E 


344 


5:34:13.9 -5:36:00 


20.1 


12-10+13-09 


3000 





1.53E-15 


190 


F-north 


221 


5:33:50.4 -5:35:33 


24.7 


12-12+15-09 


4500 





3.85E-15 


350 


F-south 


124 


5:33:50.4 -5:37:14 


26.2 


12-12+15-09 


4500 





3.22E-15 


220 


G 


344 


5:33:23.6 05:39:21 


30.8 


12-12+15-09 


4500 





1.60E-15 


150 


H 


344 


5:34:33.2 -5:42:24 


21.9 


12-10+13-09 


4800 





1.73E-15 


200 


I 


344 


5:34:33.2 -5:45:20 


24.5 


12-14-09 


1200 





1.18E-15 


140 


J 


344 


5:34:33.2 -5:49:10 


28.0 


12-11+14-09 


3600 





1.71E-15 


120 


JW831 


116 


5:35:32.8 -5:27:27 


5.7 


11-19-08 


4320 


0.15 


8.99E-14 


190 


JW873-SW 


79 


5:35:38.7 -5:31:48 


10.4 


11-20-08 


12000 





1.73E-14 


420 
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Table 2 — Continued 



Sample 


length 


Center Position a 


Distance 


Date of 


Exposure 


CH/3 


S(H/3) C 


Equivalent 


Designation 


(arcsec) 


RA DEC 


from Star b 


Observation 


Time d 






Width at H/3 (A) 


K-cast 


344 


5:35:52.3 -5:44:17 


22.8 


12-11-09 


2700 


0.04 


1.59E-15 


80 


K-west 


344 


5:35:25.5 -5:44:17 


21.1 


12-14-09 


1200 





2.11E-15 


120 


L-east 


247 


5:36:02.2 -5:39:33 


19.1 


12-11-09 


2700 


0.10 


3.09E-15 


110 


L-west 


257 


5:35:39.7 -5:39:33 


17.3 


12-14-09 


1200 





3.76E-15 


180 


M4 


344 


5:35:31.8 -5:28:42 


6.7 


12-10+13-09 


3900 


0.04 


4.27E-14 


430 


Vl-east 


99 


5:35:47.7 -5:30:03 


10.3 


12-10+13-09 


3900 


0.16 


2.36E-14 


180 


Vl-west 


244 


5:35:36.1 -5:30:03 


8.3 


12-10+13-09 


3900 


0.01 


2.09E-14 


420 


V3-east 


131 


5:35:50.4 -5:32:30 


12.3 


12-09+13-09 


4800 


0.12 


2.39E-14 


170 


V3-west 


142 


5:35:45.1 -5:32:40 


10.9 


12-09+13-09 


4800 





1.15E-14 


300 



a 2000 

b Arcmin from (? 1 Ori C except for A samples which are arcsec from NU Ori. 
c In month, date, year format. 
d Total exposure time in seconds 

c Extinction Corrected H/3 surface brightness in ergs cm~ 2 s _1 arcsec -2 in power often format, e.g. 2.00E-14=2.00xlO _ 



Table 3. Reddening Corrected Flux Ratios-First 



W9 vol on vf h 

(A) 


Son vco 


{(X) 


1. 


east 


1_ 


west 


2- 


cast 


2- 


mid 


2- 


west 


3. 


cast 


3. 


mid 


3_ 


west 


4 


cast 


4 


mid 


4. 


west 




5 


mid 


3869 


Ne[III] 


0+45 





.0941 





.1105 





1385 


0, 


0903 





.0821 





,1434 





,0997 





.0889 





,1373 





,1051 





.0964 


_ 





.1065 


4069+76 


[SII] 


0+22 





.0356 





,0287 





,0267 





,0210 





0199 





.0268 





,0278 


0. 


,0144 





,0298 





0169 





.0126 


_ 





,0215 


4102 


H I 


0+17 





.2138 





,2295 


0, 


,2253 





,2375 





2350 





,2244 





,2448 


0, 


,2324 





,2210 





,2496 





,2290 


0.2481 





,2421 


4340 


Hgamma 


0.086 





.4607 





4614 





4755 


0, 


4731 


0, 


4585 


0, 


4641 





4744 





.4626 





,4594 





,4723 





,4623 


0.4660 





,4746 


4363 


[O III] 


0.078 





.0158 





0047 





,0114 


0, 


.0066 


0. 


.0053 





.0080 





.0069 





.0058 





,0151 





,0076 





,0079 


_ 





,0090 


4471 


He I 


0.064 





.0068 





,0349 





,0402 





0360 





.0388 





0330 





,0389 





.0405 





,0359 





,0414 





,0402 


_ 





,0431 


4658 


[Fell] 


0.033 





.0075 





,0075 





,0104 





,0104 





.0102 





,0063 





0116 





,0103 





,0076 





,0113 





,0094 


_ 





,0134 


4861 


Hbeta 


0.000 


1 


.0000 


1 


,0000 


1 


,0000 


1 


,0000 


1, 


.0000 


1 


,0000 


1 


,0000 


1 


.0000 


1 


,0000 


1 


,0000 


1 


,0000 


1.0000 


1 


,0000 


4959 


[O III] 


-0.015 





.2615 





,6967 





,7022 





.5079 


0. 


.5288 





,7521 





5813 


0, 


.6183 





,7569 





,6781 





,6417 


0.7126 





,6883 


5007 


[O III] 


-0.022 





.7768 


2 


1169 


2 


.0551 


1 


,5868 


1. 


6069 


2, 


3019 


1 


,7684 


1 


.8706 


2 


,3275 


2 


,0294 


1 


,9388 


2.1564 


2. 


,1143 


5199 


[N I] 


-0.052 





.0226 





0107 





,0053 


0, 


,0077 


0. 


0064 


0, 


,0078 





.0066 





.0051 





,0061 





,0063 





,0068 


_ 





,0061 


5262+70+73 


[FeIII] a 


-0.065 




_ 




_ 




_ 




_ 




_ 




_ 




_ 




_ 




_ 




_ 




_ 


_ 




_ 


5518 


[CI III] 


-0.093 





.0030 





,0035 





,0027 


0, 


,0045 


0. 


0041 


0, 


,0062 





,0045 





,0037 





,0037 





,0045 





,0039 


_ 





,0037 


5538 


[CI III] 


-0.096 





.0033 





,0040 





,0079 


0, 


,0036 


0. 


0037 


0, 


,0046 





,0038 


0, 


0039 





.0042 





,0034 





,0043 


_ 





,0034 


5755 


[N II] 


-0.123 





.0092 





,0095 





0110 





,0108 


0. 


0077 





.0088 





,0095 


0, 


0059 





,0079 





,0074 





,0068 


0.0076 





,0080 


5876 


He I 


-0.138 





.0404 





1132 





1125 





,0878 





.1173 





.1178 





1125 


0, 


,1219 





1243 





1194 





1236 


0.1293 





1235 


5979 


Si II 


-0.150 





.0030 





0014 




_ 


0, 


0018 


0. 


0015 


0, 


,0026 





0017 





0016 





0014 


0, 


0014 





.0015 


_ 





0013 


6300 


[O I] 


-0.190 





.0111 





,0074 





,0087 





.0105 





.0083 





.0076 





,0122 





,0070 





,0085 





,0096 





,0069 


- 





,0085 


6312 


[S III] 


-0.190 





.0096 


0. 


0145 





,0166 


0, 


,0143 


0. 


0143 





,0192 





,0143 


0, 


0123 





,0158 





1404 





,0132 







,0148 


6348+71 


Si II 


-0.195 





.0066 





,0049 





,0052 


0, 


,0046 


0. 


0040 


0, 


,0050 





,0040 





0033 





,0055 





,0067 





,0045 







,0050 


6363 


[O I] 


-0.195 





.0041 





,0030 





,0051 





,0033 





.0029 





,0039 





,0039 





,0024 





,0057 





,0028 





,0032 







,0033 


6548 


[Nil] 


-0.218 





.4030 





,2076 


0, 


2218 





,3075 


0. 


2517 


0, 


.2099 





,2711 


0, 


,1867 





,2110 





,1924 





1824 


0.2376 





,2406 


6563 


Halpha 


-0.220 


2 


.8907 


2 


,8906 


2 


,8952 


2 


,8907 


2, 


.8906 


2 


,8899 


2 


,8907 


2, 


.8993 


2 


,8907 


2 


,8907 


2 


,8907 


2.8906 


2 


,8907 


6583 


[Nil] 


-0.222 


1. 


.0843 


0. 


7279 





,6945 


0, 


9511 


0, 


8074 





6270 





,8268 





.6223 





,6414 





,6245 





,6124 


0.7046 





6663 


6678 


He I 


-0.233 





.0131 





,0316 





,0284 





,0295 





.0338 





.0306 





,0313 





.0346 





,0301 





,0313 





,0334 


0.0380 





,7303 


6716 


[S II] 


-0.238 





.2832 





.1081 





1192 


0, 


.1331 


0. 


1279 


0, 


,0896 





,1084 





,0906 





,0739 





,0787 





,0770 


0.0840 





,0666 


6731 


[S II] 


-0.239 





.2582 





.1135 





1109 


0, 


.1378 


0, 


1252 


0, 


0919 





,1236 





,0907 





,0952 





.0910 





,0825 


0.1084 





,0869 


7065 


Hel 


-0.278 





.0136 





,0427 





,0402 





,0355 


0. 


.0306 





,0458 





0377 


0. 


0332 





,0459 





,0397 





,0326 


0.0473 





,0451 


7136 


[Ar III] 


-0.286 





.0342 





1092 





,1127 





,1008 


0. 


1137 





,1167 





,1112 


0, 


,1162 





1195 





1200 





1136 


0.1228 





1214 



a Small contributions from [Fe II] at 5262 A and O I at 5275 A. The 11-25-08 observations had a bad pixel column that 
prevented measuring these lines. 



Table 4. Reddening Corrected Flux Ratios-Second 



Wavelength 5-west 6-east 6-mid 6-west 7-cast 7-mid 7-wcst 8-east 8-mid 8-west 9-east 9-mid 9-west 10-east 10-mid 

(A) 



3869 





.0911 




- 


0. 


.1230 





.1062 





1185 





.1550 





.0988 


0. 


1429 





.1887 


0. 


.1219 




- 




- 




- 


0. 


1038 


0. 


1861 


4069+76 





.0033 




- 





.0053 





.0169 





0271 





.0192 





.0138 




- 





.0177 





.0193 




- 




- 




- 


0. 


.0154 


0. 


0310 


4102 





.2365 




- 





.2509 





.2418 





.2604 





.2542 





.2555 


0. 


.2637 





.2505 


0. 


.2483 




- 




- 




- 


0. 


2371 


0. 


.2600 


4340 





.4694 


0. 


.4949 





.4924 





.4724 





5279 





.4928 





.4791 


0. 


4798 





.4905 





.4647 





.4852 





.4698 





.4754 


0. 


.4628 





.4706 


4363 





.0075 


0. 


.0121 





.0079 





.0068 





.0080 





.0093 





.0072 




- 





.0129 





.0102 


0. 


0157 


0. 


0103 


0. 


0058 


0. 


.0060 


0. 


0100 


4471 





.0377 


0. 


.0607 





.0449 





.0393 





0403 





.0440 





.0508 


0. 


0410 





.0476 





.0416 





.0462 


0. 


.0444 





0429 


0. 


.0412 


0. 


.0454 


4658 





.0088 




- 





.0124 





.0095 





0100 





.0136 





.0093 


0. 


0133 





.0109 


0. 


.0110 


0. 


0077 


0. 


0091 


0. 


.0076 


0. 


0094 


0. 


.0095 


4861 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1. 


0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


4959 





,6150 





.6815 





8457 





.6555 





.7999 





.9284 





.7764 


0. 


7429 


1 


.1269 





.8417 


1. 


.0429 


1. 


.1005 





.7911 





.6734 


1. 


.0276 


5007 


1 


.8885 


1 


9551 


2 


.4908 


2 


.0046 


2 


.3287 


2 


.8113 


2 


.3485 


2. 


2230 


3 


.4017 


2 


.5433 


3 


.2126 


3 


.2736 


2. 


.4027 


2. 


1536 


3 


.1027 


5199 





.0065 


0. 


0105 





.0052 





.0063 





0163 





.0040 





.0047 


0. 


.0078 





.0027 





.0039 





.0031 





.0029 





.0039 


0. 


.0045 





.0030 


5262+70+73 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 





.0040 


0. 


.0044 





.0038 




- 




- 


5518 





.0034 




- 





.0044 





.0038 




- 





.0043 





.0039 




- 





.0043 


0. 


0041 


0. 


.0040 


0. 


.0046 





.0044 





0043 





0035 


5538 





.0054 




- 





.0041 





.0038 




- 





.0049 





.0040 




- 





.0046 


0. 


.0064 





0048 


0. 


.0050 





.0038 





0035 





.0045 


5755 





.0063 





.0111 





.0076 





.0068 





.0049 





.0088 





.0064 


0. 


.0060 





.0063 





.0052 


0. 


0051 


0. 


.0079 


0. 


.0044 


0. 


.0067 


0. 


.0108 


5876 





.1154 





.1294 





0013 





.1204 





.1239 





.1276 





.1296 


0. 


1210 





.1342 





.1296 





.1337 





.1322 





.1282 





.1190 


0. 


1326 


5979 


6 


.0520 






0. 


0013 





.0017 









.0013 





.0010 









.0009 






0. 


.0009 





.0010 





.0009 





.0015 





.0007 


6300 





.0089 


0. 


.0092 





0130 





.0078 





.0039 





.0092 





.0065 


0. 


.0082 





.0070 





.0054 





.0040 


0. 


.0092 





.0038 


0. 


.0057 


0. 


.0126 


6312 





.0143 


0. 


.0152 


0. 


0164 





.0132 





.0064 





.0171 





.0161 


0. 


.0198 





.0164 





.0149 





.0163 


0. 


.0186 





.0121 


0. 


.0147 


0. 


.0174 


6348+71 





.0030 









.0034 





.0027 





0014 





.0042 





.0031 









.0031 





.0023 


0. 


0028 


0. 


.0026 


0. 


.0024 


0. 


0047 





.0027 


6363 





.0029 









.0050 





.0063 





.0037 





,0031 





.0039 









.0027 





.0025 


0. 


0013 


0. 


0031 


0. 


0015 


0. 


.0034 


0. 


.0038 


6548 





.2028 


0. 


.2349 


0. 


1744 





.2010 





.2041 





.1894 





.1609 


0. 


1970 





.1262 





.1493 


0. 


.1497 


0. 


.1607 


0. 


.1466 





.2152 


0. 


.1808 


6563 


2 


.8907 


2. 


.8907 


2 


.8907 


2 


.8907 


2 


.8906 


2 


.8906 


2 


.8907 


2. 


8906 


2 


.8907 


2 


.8907 


2. 


.8907 


2. 


.8907 


2. 


.8907 


2. 


.8907 


2. 


.8907 


6583 





.7003 


0. 


7505 





.5759 





.6695 





.6618 





.5643 





.5338 


0. 


6059 





.3996 





.5005 





.4003 





.4899 





.4157 





6301 





.5031 


6678 





.0330 


0. 


.0331 





0347 





.0316 





.0324 





.0349 





.0365 


0. 


0347 





.0362 





.0352 





.0340 


0. 


.0331 





0339 


0. 


.0321 


0. 


.0350 


6716 





.0879 


0. 


1054 





.0530 





.0755 





.0644 





.0384 





.0596 


0. 


0678 





.0266 





.0489 





0341 





.0296 





.0701 


0. 


.0626 





.0281 


6731 





.0974 


0. 


.0992 





.0739 





.0834 





0881 





.0573 





.0742 


0. 


0827 





.0421 





.0651 





.0452 





.0521 





0690 





0822 





.0472 


7065 





.0294 





.0463 





0518 





.0316 





.0526 





.0637 





.0377 


0. 


.0500 





.0675 





.0412 














0. 


.0503 


0. 


.0650 


7136 





.1075 





.1261 





.0132 





.1140 





.1290 





,1394 





.1309 


0. 


1229 





.1487 





.1326 














0. 


1238 


0. 


.1474 



Table 5. Reddening Corrected Flux Ratios-Third 



Wavelength 10-west 11-east 11-mid 11-west 12-east 12-mid 12-west) 13-east 13-mid 13-west 14-east 14-mid 14-west 15-east 15-mid 

(A) 



3869 





1417 


0. 


.0934 





.1700 





1378 


0. 


.0647 





.0139 


0. 


1310 


0. 


.0948 


0. 


0920 





.0986 





.0626 





.0824 





.0873 





.0602 





.0789 


4069+76 





0155 





.0218 





.0178 





0133 





.0177 





.0186 





.0099 





.0235 


0. 


0151 





0169 





.0134 





.0215 


0. 


.0126 





.0143 





.0161 


4102 





.2500 


0. 


.2441 





2503 





.2535 


0. 


.2319 





.2548 


0. 


.2549 


0. 


.2212 


0. 


2503 


0. 


.2533 





.2327 





.2447 


0. 


.2444 





.2335 





.2476 


4340 





4762 


0. 


.4843 


0. 


4751 





.4840 


0. 


.4643 





4911 


0. 


.4818 


0. 


4652 


0. 


4731 





.4852 





.4654 





.4827 





.4755 





.4629 





.4836 


4363 





.0076 





.0071 


0. 


.0088 





.0067 





.0048 





.0065 





.0071 


0. 


.0038 


0. 


0088 





.0070 





.0039 





.0055 





.0052 





.0042 





.0049 


4471 





.0442 





.0400 





.0439 





.0424 





.0252 





.0450 





.0430 


0. 


.0267 


0. 


0457 





.0450 





.0335 





.0378 





.0427 





.0356 





.0375 


4658 





.0076 


0. 


.0124 





.0092 





.0058 


0. 


.0091 





.0093 


0. 


.0086 


0. 


0126 


0. 


0081 





.0084 





.0107 





.0101 





.0086 





.0092 





.0076 


4861 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1. 


0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


4959 





.9055 


0. 


.5795 





.9889 





.8789 


0. 


.3622 





9136 


0. 


.8856 





.3656 


0. 


7981 





.8086 





.3874 





,5500 





.6760 





.3339 





.4735 


5007 


2 


.7066 


1 


7474 


2 


.9771 


2 


.6661 


1 


0941 


2. 


.7348 


2 


.6960 


1 


1165 


2. 


3851 


2 


.4246 


1 


.2014 


1 


.6815 


2 


.0260 


1 


.0271 


1 


.4341 


5199 


0. 


.0034 


0. 


.0044 


0. 


.0030 





0030 


0. 


.0083 





0026 


0. 


0018 


0. 


.0040 


0. 


0017 




- 


0. 


.0056 





.0043 





.0025 





0061 


0. 


.0049 


5262+70+73 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 




- 


5518 





.0035 


0. 


.0041 





.0035 





.0028 


0. 


.0041 





.0036 


0. 


0033 


0. 


.0032 


0. 


0039 





.0042 





.0040 





.0048 





.0043 





.0041 





.0044 


5538 





.0043 


0. 


.0039 





.0049 





0045 


0. 


.0026 





.0041 


0. 


.0048 





.0038 


0. 


0063 





.0056 





.0029 





.0035 





.0043 





.0033 





.0032 


5755 





.0053 





.0096 





.0070 





0039 





.0069 





.0062 





.0032 





.0072 


0. 


.0040 


0. 


.0044 





.0060 





.0080 


0. 


.0057 





.0057 





.0067 


5876 





.1298 





.1109 





1315 





.1311 





.0889 





1313 





.1332 





.0950 


0. 


.1322 


0. 


.1335 





.1007 





1142 


0. 


.1272 





1014 





.1077 


5979 






0. 


.0023 





0012 






0. 


.0025 





0011 









.0018 













.0015 





.0013 


0. 


0011 





.0014 





.0010 


6300 





.0072 


0. 


.0066 


0. 


.0069 





0053 





.0052 


0. 


0062 


0. 


.0022 


0. 


.0065 


0. 


.0034 





.0027 





.0052 





.0072 





0057 





.0050 





.0062 


6312 





.0140 





.0157 





0145 





.0123 





.0120 





0152 





.0128 


0. 


.0129 


0. 


0118 





0143 





.0111 





.0141 





.0144 





.0108 





.0122 


6348+71 





.0030 


0. 


.0083 





.0037 





0021 


0. 


0061 





.0036 


0. 


.0027 


0. 


.0073 


0. 


0031 





.0041 





.0050 





.0040 





.0018 





.0053 





.0031 


6363 





0031 





.0017 





.0023 


0. 


.0029 





.0027 





0019 





.0014 





.0034 


0. 


0018 





.0008 





.0019 





.0024 


0. 


.0021 





.0012 





.0019 


6548 





.1271 


0. 


.2558 





.1259 





1115 


0. 


.2925 





.1506 





.0848 





.2770 


0. 


1156 





.1163 





.2184 





2233 


0. 


.1748 





,2738 





.2195 


6563 


2. 


.8907 


2. 


.8907 


2 


.8906 


2 


.8906 


2. 


.8906 


2 


.8907 


2 


.8906 


2. 


.8906 


2. 


8906 


2 


.8908 


2 


.8907 


2 


.8907 


2 


.8907 


2 


.8907 


2 


.8907 


6583 





.4425 


0. 


7853 





4071 





.3792 


0. 


8257 





4470 


0. 


.2964 


0. 


8253 


0. 


4105 


0. 


4126 





.6709 





.7004 





.5815 





,7075 





.6950 


6678 





.0345 





.0316 


0. 


.0348 





.0358 


0. 


.0228 


0. 


0354 





.0348 


0. 


.0258 


0. 


0345 





.0348 





.0269 





.0306 





0344 





,0275 





.0288 


6716 





0475 


0. 


.0791 





.0295 





.0479 


0. 


.1109 





0376 


0. 


.0374 


0. 


1011 


0. 


0453 





.0478 





.1033 





.0771 





.0778 





,1053 





.0925 


6731 





0619 


0. 


.1063 





.0481 





0577 


0. 


1214 


0. 


.0577 


0. 


.0430 


0. 


.1166 


0. 


0539 





.0554 





.1059 





.0985 





.0829 





,1056 





.1011 


7065 





.0423 





.0455 


0. 


.0615 





.0440 





.0257 





.0569 





.0408 


0. 


.0295 


0. 


0388 





.0383 





.0287 





.0366 


0. 


.0325 





,0274 





.0323 


7136 





1296 





.1898 





.1408 





1320 





.0774 


0. 


.1388 





.1333 





.0819 


0. 


1325 


0. 


1366 





.0906 





1081 


0. 


.1297 





.0902 





.0991 



Table 6. Reddening Corrected Flux Ratios- Fourth 



\A/?ivplpri ctVi 

(A) 


15- west 


16-east 


16-mid 


16- west 




17 




18 


19-cast 


19- west 




20 




21 




22 




23 


24-NE 


24-SW 


25-NE 


3869 





0750 


0. 


.0439 





.0706 





.0934 





.0855 





0632 




- 




- 





.0518 


0. 


.0493 


0. 


.0514 





.0474 




- 




- 


_ 


4069+76 





0180 





.0184 





.0125 





0185 


0. 


.0188 


0. 


.0124 




- 




- 


0. 


0163 





.0097 





.0111 





.0234 




- 




- 


_ 


4102 





.2385 


0. 


.2325 





.2441 





.2377 


0. 


.2306 


0. 


.2166 




- 




- 


0. 


.2199 


0. 


.2131 


0. 


.2189 





.2105 




- 




- 


_ 


4340 





4631 


0. 


.4624 





4813 





4742 





.4714 





.4480 


0. 


4567 





.4707 





.4507 





.4477 





.4529 





.4456 





.4649 





.4643 


0.4649 


4363 





.0054 





.0038 





.0036 





.0061 





.0049 


0. 


0035 




- 




- 


0. 


.0023 


0. 


.0027 





.0044 





.0045 


0. 


0086 





.0039 


0.0114 


4471 





.0367 


0. 


.0224 





0278 





.0368 





.0295 


0. 


.0286 





0258 





.0136 


0. 


.0264 





.0195 





.0163 





.0180 





.0417 





.0344 


0.0309 


4658 





0120 


0. 


.0097 





.0071 





.0070 





.0067 





.0093 


0. 


.0066 





.0070 





.0062 





.0064 





.0072 





.0043 





.0071 





.0076 


0.005 


4861 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1.0000 


4959 





.5320 





.2396 





3510 





5130 





3967 


0. 


.4018 


0. 


.5365 





.2526 


0. 


3333 





.2545 





.2866 





.4049 





.8107 





.5154 


0.4937 


5007 


1 


.6395 





.7329 


1 


0601 


1 


.5621 


1 


.1901 


1 


.2553 


1 


.6388 





.7533 


1 


.0306 





.7797 





.8889 


1 


.2159 


2. 


.4934 


1. 


.5179 


1.4996 


5199 





.0042 


0. 


.0073 





.0076 





.0060 





.0097 





.0080 


0. 


0254 





.0159 





.0080 





.0107 





.0143 





.0252 





.0026 





.0096 


0.0136 


5262+70+73 




_ 




- 




- 




_ 




_ 


0. 


.0038 





.0080 





.0065 


0. 


.0040 





.0039 





.0037 





.0052 


0. 


0042 





.0056 


0.0057 


5518 





.0043 





.0040 





.0041 





.0036 





.0037 





.0046 





.0076 





.0048 





.0039 





.0038 





.0041 




_ 





.0042 





.0048 


0.0044 


5538 





.0042 


0. 


.0030 





.0035 





.0049 





.0034 





0036 


0. 


.0037 





.0035 





.0030 





.0028 





.0051 




_ 





0041 





.0034 


0.0034 


5755 





.0070 


0. 


.0082 





.0089 





.0083 


0. 


.0072 


0. 


.0069 





.0094 





.0112 


0. 


.0076 





.0091 





.0096 





.0103 





.0067 


0. 


.0077 


0.0081 


5876 


0. 


.1161 





0691 





.0794 





.1086 


0. 


.0906 


0. 


.0941 


0. 


.0897 





.0483 


0. 


.0932 





.0662 





.0557 





.0627 


0. 


.1294 





.1080 


0.1057 


5979 





0011 


0. 


0016 





.0020 





.0009 





.0018 


1. 


.1482 





0017 





.0015 





.0029 




_ 




_ 




_ 





0011 





0016 


0.0017 


6300 





.0072 


0. 


.0058 


0. 


.0084 





.0176 





.0073 


0. 


.0102 





.0101 





.0095 


0. 


.0078 





.0135 





.0182 





.0178 





.0065 





.0224 


0.0153 


6312 





.0144 





.0108 





0118 





.0140 





.0114 


0. 


.0101 





.0139 





.0133 


0. 


.0131 





.0123 





.0111 





.0077 





.0149 





.0136 


0.0128 


6348+71 





0023 


0. 


.0037 





.0029 





.0037 





0033 





.0020 


0. 


.0074 





.0062 





.0052 





.0037 





.0016 





.0019 





.0026 





.0034 


0.0046 


6363 





.0030 





.0026 


0. 


.0029 


0. 


.0076 


0. 


.0030 


0. 


.0018 





.0034 





.0031 


0. 


.0026 





.0038 





.0063 





.0049 


0. 


.0021 


0. 


.0087 


0.0048 


6548 





.2341 





.3304 


0. 


.3134 





.2513 


0. 


.2778 


0. 


.2566 





.3116 





.4166 


0. 


.2885 





.3378 





.3407 





.2958 


0. 


.2222 


0. 


.2799 


0.3024 


6563 


2 


.8907 


2. 


.8907 


2 


.8907 


2 


.8906 


2 


.8906 


2. 


.7500 


2 


.8907 


2 


.8209 


2. 


.8145 


2. 


.7938 


2 


.8103 


2 


.6165 


2. 


.8906 


2 


.8049 


2.8907 


6583 





7774 


0. 


.9940 





9741 





.8432 





.8874 





.8291 


0. 


9152 


1 


1991 





.9386 


1 


.1205 


1 


.1507 





.9903 





.5788 





7663 


0.8515 


6678 





.0317 





.0175 


0. 


0231 





.0295 





0254 


0. 


.0238 





.0245 





.0118 


0. 


.0243 





.0172 





.0199 





.0132 





0330 





.0271 


0.0303 


6716 





.1013 


0. 


1405 





.1373 





1578 





.1359 





.1289 


0. 


.1933 





.2715 





.1489 





.2188 





.2585 





.2605 





.0553 





.1398 


0.1725 


6731 





1075 


0. 


1317 





.1342 





1492 





.1123 





.1109 


0. 


.1691 





.2087 





.1202 





.1741 





.2003 





.1957 





.0735 





.1144 


0.1447 


7065 





0317 





.0164 





.0216 





0272 


0. 


.0250 


0. 


.0243 










0. 


.0212 





.0149 





.0143 





.0190 












7136 





1156 





.0537 





.0666 


0. 


0991 


0. 


.0791 


0. 


.0821 










0. 


.0752 





.0457 





.0447 





.0512 
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Table 7. Reddening Corrected Flux Ratios-Fifth 



Wpi vol on erf h 

(A) 


2E 


i-SW 


26-n 


26-s 


27 


cast 


27 


west 


28 




28- west 


A 


cast 


A 


mid 




-rift 


A 


west 


A- 


north A(N 


-S)-mid A- 






B 


3869 




_ 




- 




- 




_ 




_ 




_ 


_ 


0. 


.1038 





.0612 




_ 




_ 




_ 




_ 




_ 





0554 


4069+76 




_ 




- 




- 




_ 




_ 




_ 


_ 





.0368 




_ 




_ 





0305 





.0457 





.0279 





.0463 





.0162 


4102 




_ 




- 




- 




_ 




_ 




_ 


_ 


0. 


.2377 





.1912 





.1842 





.2149 





.2174 





.2029 





.2071 





.2324 


4340 





.4650 





.4650 





.4580 





.4591 





.4508 


0. 


.4589 


0.4395 


0. 


.4632 





.4329 





4198 


0. 


.4404 





.4444 





.4357 


0. 


.4333 


0. 


4467 


4363 





.0022 








- 





.0040 





.0051 






0.0118 




_ 




_ 




_ 




_ 




- 




- 




_ 


0. 


.0051 


4471 


0. 


.0270 




- 





.0333 





.0391 





.0305 


0. 


■ 


0.0329 


0. 


0133 




_ 




_ 




_ 




- 




- 




_ 


0. 


.0368 


4658 





.0097 




_ 





.0052 





.0078 





.0049 


0. 


.0059 


0.0045 


0. 


.0084 





.0066 





.0097 





.0078 





.0061 





.0080 





.0062 


0. 


.0765 


4861 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


.0000 


1. 


0000 


4959 





.2998 





.3240 





.2938 





.3675 





.2955 





.2804 


0.5375 


0. 


.3071 





.0647 





.1281 





.0560 





.0955 





.0555 





.1493 


0. 


4473 


5007 





.9073 





.9889 





.8880 


1 


1106 





.8943 


0. 


.8459 


1.6310 





.8845 





.1882 





.3312 





1644 





.2422 





.1704 


0. 


.4365 


1. 


3122 


5199 





0102 





.0146 





.0069 





.0084 





.0142 


0. 


.0234 


0.0301 





.0283 





.0113 





0162 





0210 





.0200 





.0117 


0. 


0218 


0. 


0071 


5262+70+73 





.0051 




_ 





.0067 





.0042 





.0049 




_ 


_ 




_ 





.0039 





.0064 





.0074 




- 





.0049 





.0088 


0. 


.0035 


5518 





.0045 





.0057 





.0033 





.0040 





.0048 


0. 


.0043 


_ 


0. 


.0042 





.0025 




_ 





.0029 





.0041 





.0027 


0. 


.0029 


0. 


0043 


5538 


0. 


.0042 





.0034 





.0030 





.0033 





.0034 


0. 


.0026 


_ 


0. 


.0030 





.0012 




_ 





.0014 





.0013 





.0013 


0. 


.0014 


0. 


0035 


5755 





.0095 





.0094 





.0092 





.0093 





.0125 





.0129 


0.0086 





.0075 





.0076 




_ 





.0082 





.0091 





.0082 





.0098 


0. 


.0090 


5876 





.0822 





.0535 





.0946 





.1193 





.1041 





.0755 


0.0982 


0. 


.0490 





.0349 





.0238 





.0163 





.0117 





.0340 


0. 


.0272 





1150 


5979 





0010 





.0014 









.0016 





.0012 




_ 


_ 





.0020 





.0029 





0033 





.0034 





.0040 





.0031 





.0029 





.0019 


6300 




- 













.0133 





.0241 


0. 


.0261 


- 





.0065 





.0055 





.0073 





0114 












- 


0. 


.0039 


6312 





.0112 













.0136 





.0146 


0. 


.0140 







.0060 





.0067 





.0057 





.0058 





.0058 





.0064 





.0055 


0. 


.0133 


6348+71 





0039 













.0037 





.0037 


0. 


.0074 




0. 


.0056 





.0072 





.0070 





.0079 





.0073 





.0080 





.0077 





0029 


6363 

















.0044 





.0086 


0. 


.0089 







.0041 





.0018 





0017 





.0036 

















.0014 


6548 





.3651 





.3999 





.3885 





.3243 





.4457 





.4336 


0.2976 


0. 


.3064 





.3445 





.3745 





.3805 





.3853 





.3405 





.3249 


0. 


.2586 


6563 


2. 


.7883 


2 


.6999 


2 


.7924 


2 


.8700 


2 


.9002 


2. 


.8907 


2.8907 


2. 


.8903 


2 


.8909 


2 


.8908 


2 


.8902 


2 


.8909 


2 


.8889 


2. 


.8896 


2. 


8558 


6583 


1 


.0522 


1 


.1219 


1 


.0567 


1 


.0010 


1 


.2522 


1 


3455 


0.8851 


1 


0797 


1 


1020 


1 


1561 


1 


2309 


1 


.2505 


1 


1345 


1 


1489 


0. 


8440 


6678 


0. 


.0215 





.0136 





.0258 





.0340 





.0326 








0. 


0153 





.0088 





.0075 


0. 


.0037 





.0037 





.0090 


0. 


.0060 


0. 


0313 


6716 





1841 





.2945 





.1961 





.2547 





.3772 


0. 


.4536 


0.2691 


0. 


.2824 





.2135 





.2599 





3016 





.3197 





.2131 


0. 


.2999 


0. 


1513 


6731 





.1386 





.2188 





.1451 





.2104 





.2836 


0. 


.3516 


0.2067 


0. 


2731 





.2143 





.2544 





.2985 





.3098 





.2134 


0. 


.2960 


0. 


1205 


7065 




























0. 


.0121 





.0083 





0053 





.0044 





.0034 





.0076 





.0078 


0. 


.0253 


7136 




























0. 


.0428 





.0275 





0163 





.0122 





.0090 





.0241 





.0180 


0. 


1091 



Table 8. Reddening Corrected Flux Ratios-Sixth 



\A/?ivp1pt) P"l"Vl 

(A) 


B1991 




c 




■-NE 


D 


-NW 


D-SE 


13 


-SW 


D- 


lorth 


D- 


5l_J Li Lrll 




E 




lorth 




ol) U. Lil 




G 




H 


I 




J 


3869 





.1083 


0. 


.0521 





.0440 





.0318 





0483 





.0376 





0303 


0. 


.0367 


0. 


.0594 





.0397 





.0433 





.0711 





,0693 


0.0867 





,1020 


4069+76 





.0125 


0. 


.0209 





.0166 





.0317 





0190 





.0300 


0, 


,0253 





.0302 





0335 





,0550 





,0278 









,0415 


0.0404 





,0212 


4102 





.2364 





.2291 





.2351 





,2392 





.2335 





.2356 


0, 


2390 


0. 


.2283 


0, 


.2427 





,2347 





.2173 





,2040 





,2387 


0.2142 





,1998 


4340 





4610 


0. 


4528 





.4527 





.4534 


0. 


.4501 





.4442 





.4546 





.4497 





4696 





,4585 





,4236 





,4399 





,4492 


0.4571 





.4234 


4363 





.0088 


0. 


.0041 





.0057 





.0027 


0. 


.0047 





.0037 


0, 


0035 





.0053 





.0092 





,0040 









,0128 





,0090 


0.0080 






4471 


0. 


.0442 


0. 


.0073 





.0376 





.0299 


0. 


.0357 





,0283 


0, 


.0375 





.0211 





.0205 





,0162 





,0197 





,0274 





,0159 


0.0177 





.0212 


4658 





.0076 


0. 


.0073 





.0065 





.0049 


0. 


.0054 





,0041 





.0045 


0. 


.0071 


0, 


.0058 





,0058 





,0053 





,0074 





,0049 


0.0036 





.0078 


4861 


1 


.0000 


1 


0000 


1 


.0000 


1 


.0000 


1 


.0000 


1 


,0000 


1, 


.0000 


1, 


.0000 


1 


.0000 


1 


,0000 


1 


,0000 


1 


,0000 


1 


,0000 


1.0000 


1 


.0000 


4959 


0. 


.9142 


0. 


.3750 





.3853 





1976 





.3581 





,2262 


0, 


.2404 


0, 


.2415 


0, 


.3657 





,1903 





,3556 





,5858 





,3639 


0.3387 





.5270 


5007 


2. 


7283 


1 


1441 


1 


.1691 





.6139 


1 


0804 





,6971 





.7428 





.7242 


1, 


.0920 





,5649 


1 


,0764 


1 


,7587 


1 


,0737 


0.9985 


1 


.5842 


5199 





0037 





.0101 





.0088 





.0110 


0. 


.0110 





,0120 





0062 





.0127 





0441 





,0348 





,0394 





,0376 





,0434 


0.0033 





.0572 


5262+70+73 





.0039 


0. 


.0034 





.0054 




_ 


0. 


0051 





,0000 


0, 


.0031 





.0044 





.0047 




_ 





,0033 





,0039 





,0054 


0.0033 





.0065 


5518 





.0042 


0. 


0048 





.0045 





.0042 





0044 





,0043 





.0043 


0, 


.0039 




_ 





,0040 




_ 




_ 





,0050 


0.0102 





.0038 


5538 





.0039 


0. 


0033 





.0041 





.0027 


0. 


0033 





,0029 





0030 





.0030 




_ 





,0017 




_ 




_ 





,0032 


_ 





.0026 


5755 





.0045 


0. 


.0101 





.0105 





.0126 


0. 


0093 





,0116 


0, 


.0101 





.0125 





.0123 





,0139 





,0086 





,0057 





,0140 


_ 





.0113 


5876 





.0134 





.1097 





.1179 





,0959 





1090 





,0879 





.1166 





0650 





.0651 





,0502 





,0738 





1101 





,0640 


0.0675 





.1023 


5979 





.0008 





.0015 





.0012 





.0009 





0010 





,0012 





.0010 




_ 




_ 




_ 




_ 




_ 




_ 


_ 




_ 


6300 





.0043 


0. 


.0077 





.0023 





.0150 


0. 


.0147 





,0230 


0, 


.0126 





.0170 





.0546 





,0464 





,0367 





,0337 





,0422 


- 





,0480 


6312 





.0131 


0. 


.0135 





.0136 





.0116 


0. 


.0121 





,0116 


0, 


.0111 


0, 


.0117 


0, 


.0112 





,0098 





,0099 





,0114 





,0115 







,0107 


6348+71 





.0027 





0025 





.0026 





.0032 





0013 





,0029 





.0040 


0, 


.0012 


0, 


.0053 









.0080 









,0081 







,0037 


6363 





.0013 


0. 


.0029 





.0007 





.0049 





.0052 





,0075 


0, 


.0039 





.0073 





.0248 





,0201 





,0135 





,0120 





,0138 







,0171 


6548 





1069 


0. 


.3041 





.3337 





.4127 





.3130 





,4042 





.3437 





3630 





3076 





,4458 





.3246 





,2283 





,3170 


0.3479 





,2853 


6563 


2. 


.8888 


2. 


.8287 


2 


.8139 


2 


.8894 


2. 


7198 


2 


,8888 


2, 


.8905 


2 


.4978 


2, 


.5553 


2 


,7701 


2 


.8867 


2 


,6921 


2 


,5708 


2.5982 


2 


,8084 


6583 


0. 


3736 


1 


.0137 





.9779 


1 


.3658 


1 


.0034 


1 


,3356 


1. 


.1290 


1, 


.1539 


0, 


.9848 


1 


,4597 


1 


.0092 





,7434 


1 


,0583 


1.0646 





,8077 


6678 


0. 


.0364 


0. 


0303 





.0315 





.0281 


0. 


.0294 





,0259 


0, 


.0328 





.0201 





.0212 





,0167 





.0213 





,0297 





,0187 


0.0205 





0332 


6716 





.0528 


0. 


2054 





.1873 





.3947 





1975 





,3744 





.2930 





.2893 





3662 





,6573 





.4923 





,1744 





,4232 


0.4751 





,2450 


6731 





0621 





1646 





.1471 





.3042 





1521 





,2928 





.2354 





.2214 





.2637 





,4706 





.3587 





,1450 





,3089 


0.3454 





.1890 


7065 





.0408 


0. 


.0243 





.0232 





.0183 





.0214 





,0184 


0. 


.0203 





.0150 





.0212 





,0129 





.0213 





,0357 





,0176 


0.0166 





,0370 


7136 


0. 


.1273 





.1007 





.1104 





.0699 


0. 


.0931 





,0678 


0, 


.0943 





.0459 





.0476 





,0290 





.0550 





,0978 





,0516 


0.0399 





,0880 



Table 9. Reddening Corrected Flux Ratios-Seventh 



Wa vol oti ft Vi 


JW831 


JW873-SW 


K 


cast 


K- 


west 


L- 


cast 


L- 


west 


M4 


VI 


cast 


VI 


west 


V3-cast 


V3-west 


(A) 














































3869 




- 









.0668 





.0551 





.0756 





.0731 





.0326 


0. 


.0804 





.0316 


0. 


.0666 





.0327 


4069+76 




- 









.0288 





.0286 


0. 


.0000 





.0231 





,0215 





.0215 





0236 


0. 


.0197 





,0332 


4102 




- 









.1987 





,2080 


0. 


.2096 





.2114 





.2316 


0. 


.2092 


0. 


2352 


0. 


.2145 





.2324 


4340 





.4660 





.4560 





.4425 





4332 


0. 


4337 





.4403 





.4497 


0. 


4304 





.4480 


0. 


4446 





.4515 


4363 




- 









.0176 





.0156 





.0120 




_ 





.0033 





.0085 





.0045 





.0088 





.0064 


4471 





.0284 





.0091 





.0234 





.0244 


0. 


0217 





.0199 





.0185 


0. 


0255 





.0135 





.0245 





.0115 


4658 





.0083 





.0073 





.0091 




_ 





.0067 





.0060 





0080 


0. 


5760 


0. 


.0083 


0. 


.0071 





.0075 


4861 


1 


.0000 


1 


,0000 


1 


.0000 


1 


.0000 


1. 


.0000 


1. 


.0000 


1 


0000 


1. 


0000 


1 


.0000 


1. 


.0000 


1 


.0000 


4959 





,2820 


175.0000 





.5167 





.5432 





.5913 





.4632 





.2095 


0. 


.5657 


0. 


.1987 


0. 


.5726 





.2447 


5007 





.8420 





.5180 


1 


.5835 


1 


6305 


1 


7565 


1 


.4033 





.6340 


1. 


7043 





6033 


1. 


.7089 





.7288 


5199 





,0068 





.0278 





.0408 





.0534 





0332 





.0571 





0103 


0. 


0224 





.0175 





.0241 





.0337 


5261+70+73 





.0056 





.0023 




_ 





.0078 





.0045 





.0084 





.0061 





.0062 





.0060 





.0051 





.0047 


5518 





.0037 





.0040 




_ 





.0032 





.0043 





.0035 





.0041 


0. 


.0038 


0. 


.0041 


0. 


.0043 





.0048 


5538 





.0037 





.0025 




_ 





.0031 





.0023 





.0018 





.0030 


0. 


.0031 


0. 


.0026 





.0029 





.0037 


5755 





.0070 





.0142 





.0070 




_ 


0. 


0073 





.0084 





0099 


0. 


.0082 


0. 


0120 





.0089 





.0143 


5876 





,0842 





.0300 





.0873 





0860 


0. 


1044 





.0822 





0600 


0. 


.0979 





.0417 





.0992 





.0424 


5979 


o 


.0018 





.0027 




_ 




_ 





.0000 




_ 





.0021 





.0022 





.0025 





0028 





.0027 


6300 





.0022 





.0293 




- 





.0167 





.0051 





.0257 





.0122 





.0124 





.0143 





.0217 





.0363 


6312 





.0109 





.0125 









.0075 


0, 


.0096 





.0109 





.0111 





.0133 


0. 


.0118 


0. 


.0131 





.0128 


6348+71 





.0041 





.0064 













.0000 





.0066 





.0036 


0. 


.0043 


0. 


.0043 


0. 


0044 





.0043 


6363 





.0009 





.0088 

















.0105 





,0037 





.0042 





.0039 





.0080 





.0113 


6548 





.3060 





.4770 





.2536 


0. 


.2390 





2626 





.3277 





.3664 


0. 


.2665 





.3964 


0. 


.2908 





.4556 


6563 


2 


.8920 


2 


.7800 


2 


.8900 


2 


.6272 


2. 


.8897 


2 


.7822 


2 


,8893 


2. 


8888 


2 


.8900 


2 


.8901 


2 


.8689 


6583 





.8820 


1 


.4570 





.8061 





.7678 


0. 


7724 





.9905 


1 


,1980 


0. 


8645 


1. 


3005 





.8650 


1 


.4275 


6678 





.0216 





.0071 





.0264 





.0284 


0. 


0288 





.0262 





,0170 


0. 


.0270 


0. 


.0112 





.0258 





.0134 


6716 





.1410 





.4590 





.2056 





1803 


0. 


1670 





.2652 





.2145 


0. 


1613 


0. 


.2695 


0. 


.1829 





.3878 


6731 





.1270 





.3620 





.1641 





1528 





1406 





.2051 





1783 


0. 


1453 





.2152 





.1513 





.2926 


7065 













.0326 





.0287 


0. 


.0366 





.0259 





.0149 





0363 





.0126 





.0355 





.0140 


7136 













.0914 





.0775 


0. 


.0999 





.0713 





.0477 





.0934 





0353 





.0947 





.0359 



Table 10. Derived Electron Temperatures and Densities 3, 



Sample 

Designation T e ([S II]) T e ([N II]) T e ([0 OIII]) N e ([S II]) N e ([Cl III]) 



1-East 


7530 


8120 




380 




1-West 


10900 


9560 


7580 


730 




2-East 


11050 


10700 


9620 


450 




2-Mid 


7540 


9290 


8910 


680 


800 


2-West 


7980 


8690 


8360 


530 




3-East 


12760 


10400 


8660 


680 


430 


3-Mid 


9300 


9270 


8740 


970 


1150 


3-West 


7890 


8600 


8220 


580 




4-East 


11430 


9260 


10070 


1490 




4-Mid 


7110 


9480 


8640 


1030 




4-West 


7420 


9069 


8800 


770 




5-East 




8960 




1480 




5-Mid 


9050 


9240 


8870 


1560 




5-West 




8030 


8690 


830 




6-East 




10340 


9920 


470 




6-Mid 




9710 


8260 


2020 


1920 


6-West 


8560 


8830 


8420 


850 




7-East 


10580 


7900 


8430 


1740 




7-Mid 


9770 


10060 


8340 


2630 


4040 


7-West 


7650 


9340 


8200 


1330 


2790 


8-East 




8140 




1190 




8-Mid 


10850 


10180 


8650 


3350 


3290 


8-West 


10590 


8400 


8700 


1610 




9-East 




9200 


9260 


1650 


4660 


9-Mid 




10050 


8240 


5440 


3460 


9-West 




8950 


7750 


550 




10-East 


14470 


8940 


8050 


1580 




10-Mid 


12660 


11390 


8500 


5820 




10- West 


16420 


9190 


8000 


1550 




1 1-East 


7650 


9360 


8820 


1740 


2080 


11-Mid 


8960 


10210 


8080 


3800 




11- West 


9170 


8350 


7750 


1130 




12-East 


7230 


8260 


9020 


800 




12-Mid 


9140 


9570 


7690 


2890 




12- West 


9560 


8690 


7860 


980 




13-East 


8860 


8170 


8400 


960 




13-Mid 


8810 


9330 


8080 


1930 


4440 


13- West 


9450 


8770 


8040 


1930 




14-East 


6860 


8560 


8350 


630 




14-Mid 


8380 


9300 


8360 


1450 




14- West 


7450 


8730 


7850 


740 


2510 


15-East 


7210 


8460 


9200 


570 




15-Mid 


7580 


8790 


8450 


820 




15- West 


7970 


8490 


8360 


720 





-56- 



Table 10— Continued 



Sample 



T) oq i ctt \ a +~ 1 r\ri 


t crs nil 

J-eU° 1J -1J 


T (IN TTll 


T (lO OTITIC 


N ITS II 


16-East 


7510 


8310 


9460 


430 


16-Mid 


5990 


8570 


8420 


520 


16-West 


6990 


8490 


8690 


450 


17 


8750 


8230 


8850 


220 


18 


6830 


8380 


8040 


280 


19-East 




8970 




300 


19-West 




8670 




120 


20 


7740 


8320 


7620 


180 


21 


5140 


8360 


8480 


160 


22 


5160 


8140 


9300 


130 


23 


7320 


9150 


8620 


90 


24-North 




9010 


8460 


1650 


24-South 




8860 


5990 


210 


25-North 




8680 


10620 


240 


25-South 




8460 


7750 


90 


26-North 




8350 




80 


26-South 




8330 




70 


27-East 




8800 




250 


27-West 




8880 


9720 


90 


28-East 




8820 




130 


28-West 




8830 


10460 


120 


A-East 


7330 


7940 




470 


A-Mid 




7840 




580 


A-rift 








530 


A-Wcst 


6290 


7780 




480 


A-SN-North 


7700 


8000 




480 


A-SN-mid 


7120 


7080 




530 


A-SN-South 


7910 


9070 




530 


B 


7710 


8070 


8670 


160 


B1991 


8510 


9420 


8260 


1050 


C 


7450 


8990 


8520 


180 


D-EW-NE 


7030 


8880 


9230 


150 


D-EW-NW 


6790 


8750 




120 


D-EW-SE 


6610 


8690 


8960 


460 


D-EWSW 


7310 


8560 


9470 


140 


D-SN-North 


6870 


8630 


9160 


160 


D-SN-South 


7870 


9160 


10420 


110 


E 


7630 


9780 


10910 


45 


F-North 


9140 


8850 


10320 


30 


F-South 


5970 


8470 




60 


G 




8190 


11450 


230 


H 


7900 


10050 


10880 


60 


I 


7290 




10720 


50 


J 


6160 


10420 




110 


JW831-M1M2M3 




8090 




360 



2300 



900 
1900 

1690 

430 



Table 10— Continued 



Sample 



Designation 


Te([S II]) 


T e ([N II]) 


T e ([0 OIII]) 


N e ([S II]) 


N e ([Cl III]) 


JW873-SW 




8830 




160 




K-East 


9140 


8520 


12040 


170 




K-West 


9400 




11350 


260 




L-East 




8710 


10210 


260 




L-West 


7060 


8420 




130 




M4 


7220 


8400 


9440 


210 


190 


Vl-East 


7920 


8710 


9300 


350 




Vl-West 


6920 


8740 


10500 


160 




V3-East 


7520 


8990 




210 




V3-West 


7100 


1280 


11050 


100 





a All temperatures are in K and densities in cm 



